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I.     On  the  Parallel  Roads  ofLochaber.     By  Thomas  Lauder 
Dick,  Esq.  F.  R.  S.  Edin. 


(Read  March  2.  1818J 


X  Had  lasl  winter  the  honour  of  laying  before  the  Royal  So* 
ciety  a  few  hasty  remarks  on  what  are  called  the  Parallel 
Roads  of  Glen  Royj  suggested  to  me  by  an  accidental  ramble 
through  that  valley,  in  the  course  of  a  pedestrian  tour  in  the 
West  Highlands,  during  the  previous  August  My  curiosity 
having  been  much  excited  by  what  I  then  saw,  I  was  induced 
tfi  revisit  the  highly  interesting  district  of  Lochaber,  in  the  be- 
ginning of  last  June,  and  had  thus  an  opportunity  of  devoting 
three  whole  days  to  a  more  complete  inspection  of  these  re- 
markable shelves,'  which  I  was  surprised  to  find,  were  to  be 
traced  through  a  much  more  extensive  stretch  of  country  than 
former  observation  had  led  me  to  imagine.  My  first  visit  to 
Glen  Roy  was  accidental ;  but  upon  this  late  occasion,  I  went 
widi  the  purpose  of  endeavouring  to  put  myself  in  possession 
of  all  the  fiu^ts  I  could  possibly  collect,  regarding  these  curious 
appearances ;  and  in  doing  this,  I  had  several  advantages  which 
I  did  not  formerly  enjoy.  I  was  accompanied  by  my  friend 
Mr  Maclean,  civil  engineer,  who  kindly  assisted  me  in  ascer- 
voL.  IX.  p.  J.  A  taining 


Digitized  by 


Google 


Si  ON  THE  PARALLEL  ROADS 

taining  the  horizontality  of  the  lines.  The  weather  was  par- 
ticularly favourable  for  our  purpose,  having  been  remarkably 
calm  and  clear  during  the  whole  of  our  stay  in  Lochaber.  We 
had  also  the  good  fortune  to  be  hospitably  received,  as  the 
guests  of  Mr  Macdonell  of  Inch,  whose  residence,  situated 
near  the  junction  of  the  rivers  Roy  and  Spean,  afforded  us  the 
most  centrical  point,  from  whence  we  might  make  excursions 
in  every  direction ;  whilst  extreme  acuteness  of  observation  in 
our  host,  and  the  great  interest  he  has  taken  for  many  years,  in 
the  very  investigation  in  which  we  were  engaged,  and  the  con- 
stant opportunity  he  has  had  of  making  himself  acquainted  with 
the  various  appearances,  rendered  him  an  intelligent,  as  well  as 
a  willing  guide.  I  am,  therefore,  now  enabled  to  oflTer  an  ac- 
coimt  of  these  shelves,  not  only  much  more  particular,  but 
embracing  a  much  greater  extent  of  country.  And  although 
I  am  well  aware  of  the  nomeraiis  sources  of  error  to  which  the 
investigator  of  so  many  intrieatd  mazes  is  exposed,  yet  I  trust 
I  may  venture  to  hope,  that  my  inaccuracies  are  few  in  num^ 
ber,  and,  individually,  unimportant.  In  this  hope  I  am  the  more 
confident,  from  having  the  highly  valuable  testimony  of  Mr 
Macdonell  of  Inch  to  support  me,  from  whose  communica^ 
tions  I  have  even  described  some  particular  spots,  which  I  had 
not  an  opportunity  of  visiting  in  person.  Indeed  I  cannot  suf- 
ficiently express  my  sense  of  the  obligations  I  owe  to  that  gen- 
tleman. 

In  the  first  part  of  my  essay,  I  propose  to  give  a  genial 
description  of  the  form  and  appearance  of  the  shelves.  I  shall 
next  suggest  the  theory,  which  may  account  for  the  formation 
of  such  appearances  in  general.  I  shall  then  give  a  particular 
account  of  the  whole  shelves  of  Lochaber,  as  connected  with  the 
topography  of  the  glens  where  they  are  found*  And,  lastly,  I 
shall  conclude,  by  stating  the  theory,  which  appears  to  me  most 

likely 
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likely  to  explain  the  circumstances  of  their  particular  forma- 
tion. My  remarks  will,  I  hope,  be  found  more  intelligible,  by 
reference  to  a  map,  which,  however,  must  be  considered  as  a 
mere  eye-sketch  of  the  country,  its  construction  having  been 
merely  aided  by  the  observation  of  a  few  angles  and  bearings, 
and  therefore  having  no  pretensions  to  geographical  accuracy, 
beyond  what  is  necessary  for  the  purpose  to  which  it  is  de- 
dicated,— ^that  of  giving  an  idea  of  the  courses  of  the  dif- 
ferent shelves,  to  which  I  have  affixed  distinguishing  fi- 
gures. Though  the  shelves  are  laid  down  in  continuous 
lines,  it  is  by  no  means  meant  to  convey  the  idea,  that 
they  are  strictly  so  in  reality :  partial  deficiencies  in  their  con- 
tinuity are  certainly  to  be  observed,  but  these  are  too  trifling 
and  unimportant,  to  be  noticed  in  a  general  view  of  them  on 
so  small  a  scale.  It  should  be  also  remembered,  that  it  is  on- 
ly in  the  iboat  important  points,  that  the  detail  of  their  vari- 
ous lesser  bendings  is  attended  to.  Wher^  such  a  point  oc^ 
curs,  as  at  the  head  of  JLower  Glen  Roy,  the  attention  which 
has  been  paid  to  mark  the  sinuosity  of  the  lines,  as  correctly 
as  possible,  has  oonipellad.  me  to  devote  more  room  to  that 
part,  than  it  would  be  entitled  to  wiure  strict  proportion  obser- 
ved ;  and  thus  Upper  Glen  Boy  is  more  reduced  in  size  than 
it  ought  cAherwise  to  have  been.  Besides  the  map,  I  have  ven- 
tured to  give  a  kw  sketches  of  what  appeared  to  me  to  be  the 
most  remiarkable  views  of  the  shelves  These  are  taken  from 
above,  or  on  the  same  level  with  them,  so  as  to  produce  that 
natural  rise  of  the  perspective,  observable  in  the  lines  of  level 
water.  Without  this,  it  is  not  easy  to  comprehend  their  hori- 
zontality  from  a  drawing.  This,  however,  lends  them  the  cha- 
racter of  bird's-eye  views,  and  consequently  gives  a  more  con- 
fined appearance  to  the  glens  than  they  present  when  seen 
from  below.  There  are  also  two  plates  of  diagrams,  which 
may  be  found  useful  in  illustrating  the  theory  of  their  for- 
mation. 

A  2  GENERAL 
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General  Appearance  and  Character  x>f  the  Shelves. 


The  shelves  run  in  a  series  of  horizontal  lines,  along  the 
sides  or  faces  of  the  mountains  of  Lochaber  *,  bounding  the 
valleys  of  Glen  Gluoy,  Glen  Roy,  Glen  Spean,  and  several  of 
their  smaller  tributary  glens.  One  range  of  these  is  to  be  ob- 
served on  each  side  of  Glen  Gluoy,  running  at  a  level  some- 
what higher  than  that  of  any  of  the  linear  appearances  iki  the 
other  glens,  with  none  of  which  it  has  the  least  connection. 
In  Glen  Roy  there  are  three  corresponding  ranges,  the  upper- 
most being  at  a  level  about  12  feet  under  that  of  the  shelf  in 
Glen  Gluoy.  The  next  is  about  80  feet  below  the  level  of  the 
X)ne  immediately  over  it ;  and  the  lowest  line  of  all,  is  about  200 
feet  underneath  that  to  which  it  succeeds  in  elevation.  Tt^ese 
two  last  measurements,  however,  are  merely  such  as  could  be 
accomplished  by  an  ascertainment  of  the  distance  of  each  range 
from  that  above  it,  at  different  parts  of  the  glen,  corrected  by 
a  calculation  of  the  intensity  of  the  various  slopes,  producing 
an  approximation  to  the  truth.  The  two  uppermost  shelves 
of  Glen  Roy.  are  entirely  confined  to  that  valley,  and  those 
immediately  tributary  to  it ;  but  the  lowest  of  all,  is  seen  to 

sweep 


*  The  Gaelic  word  Lochaber ^  agnifies  the  influx  of  a  lake  into  a  river,  or  the 
5ea.  The  district  so  called,  comprdiends  Glens  Gluoy,  Roy,  and  Spean,  Lochs 
Laggan  and  Tr^ ;  and  the  ooimtry  stretching  in  the  direction  of  Fart  William, 
and  as  far  to  the  westward  as  the  Ferry  of  Balachulish. 
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swe^  out  to  right  and  left^  from  its  mouth  into  Glen  Spean  ; 
running  on  the  one  hand,  by  various  sinuosities,  in  the  direc- 
tion of  Highbridge,  and  extending  up  the  north  side  of  Glen 
Spean,  and  round  the  upper  extremity  of .  Loch  Laggan, 
whence  it  returns  on  the  south  side  of  the  same  valley.  There 
are  thus  four  distinct  ranges  of  these  shelves,  which,  to  avoid 
circumlocution,  and  for  the  sake  of  greater  perspicuity,  I  shall 
uniformly  number  from  above  downwards.  I  shall,  therefore, 
call  that  having  the  highest  level,  and  belonging  exclusively  to 
Glen  Gluoy,  Shelf  l9t;  those  two  coming  next  in  elevation, 
and  which  are  to  be*  found  in  Glen  Roy  alone,  I  shall  call 
ShdfU  and  Shelf  Sd;  and,  lastly.  That  which  is  lowest,  and 
which  being  common  to  both  Glen  Roy  and  Glen  Spean,  is 
by  far  the  most  extensive,  I  shall  designate  as  Shelf  Ath.  All 
these  will  be  found  in  the  map,  with  their  respective  numbers 
attached  to  them.  There  are  also  some  other  indications,  in 
the  bottom  of  Glen  Spean,  to  be  afterwards  described,  to 
whidi,  as  they  appear  to  owe  their  formation  to  causes  similar 
to  those  of  the  shelves  above  mentioned,  I  have  affixed  the 
numbers  5,  6,  and  7.  All  these  different  shelves  are  found  to 
maintain  the  horizontality  characterizing  the  surface  of  water, 
throughout  all  the  various  windings  of  their  linear  extent,  and 
round  the  hollows  and  projections  of  the  hills,  whether  these 
are  small  or  gre^t,  sudd^i  or  otherwise;  and  each  respective 
range,  on  one  side  of  any  of  the  glens,  is  exactly  on  the  same 
level  with  that  corresponding  to  it  on  the  opposite  side.  In- 
deed these  lines,  which  are  thus  of  similar  level  on  different 
sides  of  the  glens,  are  manifestly  identified.  For  whenever 
the  levd  of  the  bottom  of  a  glen,  by  rising  above  that  of  any 
one  particular  sl^U^,  obstructs  its  farther  progress  upwards,  that 
shelf  immediately  wmds  round,  and  crosses  the  bottom  of  the  val- 
ley on  the  same  level,  in  the  form  of  a  broad  shelving  plain, 
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whence  returning  downwards  on  the  other  side,  it  produces, 
when  opposed  to  that  part  of  it  running  upwards,  the  appeajr- 
ance  of  two  twin  shelves,  when,  in  reality,  they  are  discovered 
by  examination  to  be  one  continuous  line.  There  is,  of 
course,  every  where,  a  perfect  sameness  in  the  perpendicu- 
lar height  of  one  range  above  that  which  is  beneath  it.  But 
a  deception  is  produced  to  the  eye,  with  regard  to  the  appa- 
rent relation  of  the  whole  shelves,  to  the  valleys  where  they  lie 
For,  from  the  inclination  of  the  bottom  of  the  vall^s,  being 
opposed  to  the  perfect  horizontality  of  the  shelves,  the  whole 
of  the  latter  have  the  deceitful  appearance  of  sinking  on  the 
sides  of  the  hills,  as  they  run  in  a  direction  towards  the  sour- 
ces of  the  streams ;  and  of  rising,  as  they  approach  the  open- 
ings of  the  several  glens.  Although  the  perfect  linear  hori- 
zontality of  these  shelves,  and  the  correspondence  as  to  level, 
of  each  particular  piurt  of  a  shelf,  on  the  two  sides  of  the  same 
glen,  has  been  always  admitted,  upon  simple  ocular  inspection, 
yet  it  is  by  no  means  easy  to  put  this  important  matter  beyond 
doubt.  It  is  indeed  impossible  to  peiibrm  a  mathematically 
accurate  levelling  process,  on  such  rude  and  indefinite  subjects 
as  these  shelves  are.  For  although  they  appear  very  distinct- 
ly, and  even  sharply  marked,  when  viewed  from  the  glen  below, 
or  from  some  distance,  yet  when  the  observer  climl^  up  to  in- 
spect them  more  narrowly,  he  always  finds  it  impracticable  to 
discover  their  precise  limits,  and  they  are  th^i  indeed  so  very 
indistinct,  that  he  may  even  be  actually  treading  om  a  shelf, 
without  being  in  the  least  aware  that  he  is  doing  sa  This 
shows  how  very  imperfect  they  are  as  to  form,  and  how  very 
little  they  deviate  from  the  ordinary  contour  of  the  bills  along 
which  they  are  traced ;  for  whilst  their  outward  edge  is  very 
much  rounded  off,  they  are  united  interiorly  to  the  acclivity  of 
the  mountain  above  them,  by  a  highly  inclined  slope,  so  as  to 
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make  the  section  of  the  line  of  their  profile  somewhat  like 
this: 


And  every  part  of  the  breadth  of  the  shelf  also,  deviates  so  far 
from  the  level,  that  the  sections  of  it  would  exhibit  an  inclina- 
tion outwards  of  from  one  foot  in  five,  to  one  foot  in  three, 
and  in  some  places  a  great  deal  more.  Their  actual  surfaces 
are  all  so  rugged  and  irregular,  that  no  proper  series  of  opera- 
tions could  be  carried  along  any  of  them,  with  a  hope  of  de- 
termining their  true  linear  level.  My  firiend  Mr  Maclean 
and  I,  therefore,  conceived  that  we  did  nearly  all  that  could  be 
well  accomplished  for  this  purpose,  by  using  the  following 
means,  in  the  course  of  three  several  observations,  taken  on 
shelf  2d,  shelf  3d,  and  shelf  4th,  which,  together  with  there- 
suits,  I  shall  now  detail. 

It  was  from  a  very  commanding  position,  marked  d  on  the 
map,  that  we  levelled  shelf  2d.  From  this  point  we  enjoyed 
very  nearly  the  same  view  as  that  represented  in  plate  IV.,  and 
had  die  advantage  of  observing  some  considerable  portions  of 
the  same  shelf  on  the  other  side  of  the  valley,  immediately  op- 
posite to  the  eye,  and  at  no  great  distance  from  it,  whilst  there 
were  also  a  variety  of  different  distances,  receding  in  perspec- 
tive behind  one  another.  We  employed  a  very  delicate  eigh- 
teen 
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teen  inch  levelling  instrument,  made  by  Jones.  It  was  plants 
ed,  as  nearly  as  we  could  guess,  (where  the  limits  of  the  sub- 
ject we  had  to  work  upon  were  so  ill  defined,)  rather  towards 
the  lower  edge  of  the  shelf,  and  we  endeavoured  to  adjust  it  in 
such  a  manner,  as  to  make  the  levelling  telescope  itself  of  the 
same  height  with  what  we  supposed  to  be  the  higher  or  inte- 
rior angle  of  the  shelf.  Directing  the  object-glass  of  the  in- 
strument to  the  nearer  and  immediately  opposite  correspond- 
ing line  of  shelf,  it  applied  all  along,  most  accurately,  to  the 
horizontal  hair ;  but  when  pointed  to  those  farther  off,  (some 
of  which  were  perhaps  five  or  six  miles  distant,)  they  appear- 
ed to  sink  sensibly  below  the  hair,  and  this  in  proportion  to 
their  distance  from  the  point  where  we  stood ;  but  they  were 
nowhere  observed  to  do  so  in  a  greater  ratio,  than  the  allowance 
for  the  curvature  of  the  earth  at  such  rectilineal  distances  de- 
manded. And,  what  was  in  our  opinion  most  conclusive, 
when  the  telescope  was  pointed  to,  and  made  to  traverse  along 
any  particular  portion,  which,  from  being  directly  opposite  to 
the  eye,  might  have  been  presumed  to  be  nearly  equidistant 
in  all  its  parts,  it  was  found  to  preserve  an  uniform  relfition  to 
the  horizontal  hair. 

Our  observation  taken  on  shelf  3d,  was,  if  possible,  ev^i 
more  satisfactory,  from  the  point  we  chose,  (see/ in  the  map,) 
being  still  better  adapted  for  the  purpose,  as  we  not  only  com- 
manded a  view  of  the  head  of  what  may  be  termed  Lower 
Glen  Roy,  (see  plate  V.,  the  sketch  for  which  was  taken  firom 
hence,)  but  we  could  also  see  the  shelves,  running  continuous 
all  the  way  down  to  the  mouth  of  Glen  Turret,  to  which  we 
were  opposite.  We  could  follow  them  with  the  eye  throughout 
the  greater  part  of  their  progress  around  that  tributary  glen, 
and  so  down  the  north-west  side  of  Glen  Roy,  for  a  con- 
siderable distance ;  forming  altogether  a  line,  which,  if  it  had 
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been  extended^  would  have  stretched  perhaps  five  or  six  miles, 
whilst,  from  its  numerous  bendings,  the  rectilineal  distance  of 
the  ferthest  visible  part  of  it  from  the  eye,  was  probably  not 
so  much  as  two  miles,  and  most  of  it  was  greatly  less  than  one. 
And  what  was  still  more  advantageous  in  this  position,  in  tra- 
versing the  telescope  of  the  instrument  round,  many  points 
could  be  touched  upon  which  were  evidently  nearly  equidistant 
from  the  eye.  Here  the  perfect  coincidence  of  the  line  with  the 
horizontal  hair,  was  more  generally  striking  than  it  was  in  our 
first  experiment. 

Our  third  trial  was  on  shelf  4th,  and  we  were  fortunate  in 
sheeting  a  very  excellent  point  of  view  for  that  also.  The 
spot  where  we  planted  our  instrument  was  a  little  to  the  east- 
ward of  the  house  of  Inch,  on  the  south  side  of  the  entrance 
of  Glen  Spean,  (see  b  in  the  map).  It  was  from  thence  that 
I  sketched  the  view  of  the  entrances  of  Glen  Roy  and  Glen 
S^ean,  as  represented  in  Plate  II.,  which,  when  compared  with 
the  map  itself,  will  afibrd  some  idea  of  the  great  extent  of 
ahelf  4th,  which  we  commanded  at  one  coup  (Tceil.  We  could 
trace  it,  sweeping  from  Ben-y-vaan  on  the  left,  up  Glen  Col- 
lerig, — ^returning  fi-om  that  little  valley,  and  embracing  the 
aouth  side  of  the  round  hill  of  Bohuntine,  and  disappearing 
into  Glen  Roy, — re-appearing  on  the  faces  of  its  southern 
mountains,  till  it  is  again  lost  behind  that  of  Crag-dhu,  which 
divides  the  entrances  of  the  two  glens, — coming  into  view 
again  as  it  circles  round  the  bottom  of  that  projection,  and 
identifying  itself  with  the  upper  line  of  a  high  inclined  plane, 
whence  it  sweeps  into  the  mouth  of  Glen  Spean,  where  we 
could  of  course  trace  it  much  farther,  than  could  be  embraced 
within  the  angle  of  vision  employed  in  the  delineation  of  a 
perspective  sketch.  We  could  also  trace  the  same  line  faintly 
encircling  the  isolated  rock  of  Mealderry,  which  appears  in 
the  drawing  much  nearer  the  eye.  We  traversed  the  telescope 
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of  the  instrament  around  all  these  difierent  points,  aiid  the  re* 
suits  were  perfectly  satisfactoty.  In  short,  from  all  our  expe* 
riments,  and  from  all  our  other  observations,  there  did  riot  re- 
main a  shadow  of  doubt  in  our  minds,  that  the  whole  of  these 
shelves  were  perfectly  horizontal  in  themselves,  and  that  eve- 
ry part  of  any  shelf  on  one  side  of  a  glen,  was  decidedly  of  the 
same  level  with  the  corresponding  portion  of  it  on  the  other 
side. 

The  breadth,  or  depth  of  these  shelves,  on  the  steep  sides  of 
the  hills,  is  very  various,  and  is  evidently  much  modified  by 
circumstances,  particularly  by  the  nature  of  the  ground.  That 
part  of  the  shelf  is  generally  deepest,  and  most  strongly  mark* 
ed,  where  the  face  of  the  mountain  forms  an  acute  angle,  or 
rounded  promontory  ;  and  this  is  more  particularly  the  case^ 
where  the  jJroraontory  is  of  comparatively  soft  materials^  In 
all  other  places,  whether  bay  or  pro^ction,  where  the  surface 
of  the  hill  is  soft,  and  easily  worn  away,  the  indentation  is  al- 
most uniformly  better  defined  than  where  a  harder  soil  occurs. 
Where  rock  manifests  itself,  little  more  generally  appears  than 
a  slight  tracing  on  its  surface,  merely  enabling  the  eye  to  fol- 
low out  the  line  with  difficulty ;  but  on  the  fronts  o£  many  of 
the  rocks,  all  appearance  of  it  is  lost  for  a  space,  until  it 
again  manifests  itself  on  the  softer  surface.  The  indentation 
of  shelf  4th,  on  the  rocks  at  the  entrance  to  Loch  Treig,  is  pe- 
culiarly strongly  marked ;  and  the  same  shelf  is  also  well  defi- 
ned in  its  circle  round  the  top  of  Tom-na-Fersit,  a  small  isola^ 
ted  hill  near  the  same  point ;  but  these  form,  perhaps,  the 
only  striking  exceptions  to  what  may  certainly  be  considered 
^  a  g^ieral  fact. 

These  remarks,  apply  rather  to  the  degree  of  distinctness 
with  which  the  shelves  are  traced  along  the  length  of  the  glens 
on  the  steep  sides  of  the  flanking  vnountains,  than  to  their  ac- 
tual breadtk  For  when  any  one  shelf  approaches  the  pointy 
where,  (by  the  rising  of  the  level  of  the  bottom  of  the  valley) 
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it  is  cbmpeUed  to  cross  to  the  other  aide»  the  breadth  of  it  is  al- 
wajfs  greatly  expanded,  so  as  to  give  it  the  appearance  of  a 
broad  inclined  plane,  in  some  instances  so  much  as  half  a 
mile,  or  perhaps  even  a  mile  wide ;  and  this  is  almost  invari- 
ably covered,  to  a  certain  depth,  with  a  stratum  of  peat-moss. 
In  such  cases,  the  level  of  the  linear  appearance  infallibly  ap« 
{dies  to  the  upper  bounding  line  of  the  expanded  inclined 
plane.  These  expansions  of  the  shelves,  are  not  only  to  be 
met  with  in  those  places,  where  they  cross  from  one  side  of  a 
valley  to  the  other,  but  are  also  to  be  observed  in  many  other 
parts  of  their  course,  particularly  where  the  hills  are  low,  and 
of  a  gentle  slope,  or  rather  where  the  shelves  run  along  the 
bottom  of  such  hills.  On  a  first  hasty  observation,  these  ex- 
pansions may  be  overlooked,  as  having  nothing  to  do  with  the 
shelves,  and  it  may  be  supposed,  that  some  cause  has  here 
operated  to  interrupt  them  for  a  time.  But  a  little  attrition 
to  their  appearance  and  level,  will  at  once  show,  that  these 
inclined  planes  have  been  formed  by  the  same  cause,  as  the 
more  properly  defined  shelves,  and  £hat  they  are  in  fact  no- 
thing more  than  expanded  continuations  of  them,  which,  from 
the  very  circumstance  of  their  greater  breadth,  lose  that  ex- 
tremely sharp  and  striking  appearance,  so  remarkable  in  those 
parts  where  the  hills  are  steeper  and  more  lofi;y. 

The  shelves  are  in  many  places  covered  with  large  masses 
of  stone,  some  of  them  many  tons  in  weight,  lying  for  the 
most  part  quite  detached  on  the  surface,  and  having  their  acu- 
ter  angles  rounded  off  in  the  greater  number  of  instances ;  in 
short,  in  every  respect  resembling  those  firagments  generally 
found  strewed  on  the  margin,  and  in  the  shallow  edge  of  al- 
pine lakes.  In  some  places,  where  the  stones  are  large,  and 
the  shelf  narrow,  a  single  block  covers  its  whole  breadth* 
Where  rock  appears  any  where  on  a  shelf,  its  angles  are  also 
for  the  most  part  rounded.     One  fact  is  very  important,  and 
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deserves  particular  notice :  the  nature  of  the  soil  in  each  val- 
ley, is  materially  different  above  and  below  its  highest  line  of 
shelf;  all  above  this  natural  division,  being  found  to  resemble 
the  bare  moorish  soil  covering  any  other  mountain;  whilst 
large  depositions  of  alluvial  day,  sand,  rounded  pebbles,  and 
gravel,  present  themselves  every  where  below  that  point,  and 
this,  more  particularly  towards  the  mouths  of  the  different  val- 
leys. Marine  exuviae,  however,  are  nowhere  to  be  met  with^ 
Perhaps  the  most  interesting  circumstance  regarding  these 
shelves,  is,  that  wherever  an  isolated  little  hill  happens  to  rise 
from  the  bottom  of  the  valley  to  a  height  above  that  of  the 
level  of  any  shelf,  a  delineation  runs  round  the  little  hill,  at 
a  level  corresponding  to  that  of  the  shelf  on  the  mountains  c^ 
the  side  of  the  glen. 

Such,  then,  is  the  general  description  of  the  character  and 
appearance  of  these  shelves* 


Tlieory  which  may  account  for  the  formation  of  Shelves  running 
horizontally  along  the  ^ides  of  Mountains  confining  Glens. 

In  the  total  obscurity  in  which  the  origin  of  these  singular 
shelves  is  involved,  some  have  been  inclined  to  r^ard  then)  as 
productions  of  art,  others  as  the  work  of  Nature.  Of  these  twa 
opinions,  I  confess  I  cannot  hesitate  in  rgecting  the  first.  The 
immensely  arduous  nature  of  the  undertaking,  arising  not  on- 
ly from  its  extent,  but  from  the  numbers  of  accurate  measure^ 
ments  and  levellings  it  must  have  required,— rthe  impossibility 
of  the  supposition,  that  the  engineers  of  those  early  times  to 
which  they  must  be  referred,  could  have  known  how  to  make 
the  exact  allowance  for  the  curvature  of  the  ^arth,  and  this, 
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£60,  at  a  period  when  our  planet  was  believed  to  be  a  plain^ 
extending  ad  iif^fmitum ; — the  difficulty  of  imagining  any  rap- 
tional  object  for  the  construction,  in  such  a  situation,  of  such 
a  series  of  terraces,  so  precisely  horizontal,  so  equidistant  in 
all  their  parts,  and  so  exactly  corresponding  on  the  two  oppo- 
site side^  of  the  valley,  and  in  some  places  sweeping  in  one 
continued  circle  round  the  tops  of  detached  hills  in  the  middle 
of  the  glens ; — ^above  all,  the  actual  structure  of  these  shelves,  as 
they  at  present  remain,  constitute,  in  my  mind,  insurmount-- 
able  objections  to  any  hypothesis,  which  would  ascribe  their 
origin  to  human  labour  and  ingenuity  ^« 

Tha* 


♦  **  A«  there  is  nothing  left  upon  record,^  says  the  Reverend  Mr  Ross,  in  his 
account  of  the  parish  of  Eihnaniyaig,  (Statistical  Account  of  Scotland,  vol.  xvii. 
p.  549.)  ^^  respecting  the  times  when,  the  persons  by  whom,  or  the  purposes  for 
'^  which,  these  roads  were  constructed,  we  can  only  mention  the  common  traditioni 
<<  regarding  them.  One  is,  that  they  were  made  by  the  Kitigs  of  Scotland  when 
"  the  royal  residence  was  in  the  castle  of  Inverlochy,  which  is  not  above  eleven 
'<  miles  from  the  nearest  of  them ;  and,  what  gives  an  appearance  of  truth  to  thia 
^  tradition,  in  (he  opinion  of  those  who  maintain  it,  is,  that  the  construction  of 
'<  these  roads  was  so  vast  an  undertaking,  as  could  not  be  effected  by  any  vassal  or 
'<  nobleman,  however  powerful.  Another  tradition,  which  is  that  of  the  natives, 
^<  is,  that  they  were  made  by  the  FingaUans,  and,  under  the  name  of  Fingalia^ 
*^  Roadsy  they  are  still  known  in  this  country.  They  are  likewise  called  the  Co- 
*^  iofiy  i.  e.  the  Roads,  by  way  of  eminence.  Of  this  the  natives  are  convinced 
'^  from  this  circumstance,  that  several  of  the  hills  of  this  glen  have  retained,  from 
**  time  immemorial,  the  names  of  some  of  the  heroes  of  Fingal,  such  as  the  HiU  of 
"  Gaul  the  son  of  Momi ;  that  of  Diarmid ;  and  of  Fillan  ;  and  likewise  of  Bran, 
**  the  famous  dog  of  Fingal,  &c.  Now  the  popular  belief  cannot  be  considered  as 
^^  a  direct  proof  of  any  c^nnion,  yet  we  cannot  hdp  remarking,  that  the  original 
^^  tradition,  (which  in  ttiis  case  has  been  always  invariable,)  ^ves  a  strong  degfree 
<<  of  credibility  to  the  existence  of  such  heroes,  and  renders  it  by  no  means  impro- 
^*  bable,  that  these  extmordinary  roads  have  been  the  result  of  their  labours.  The 
f<  purpose  which  they  were  designed  to  serve,  seems  U>  have  be^i,  (agreeably  to 
f^  the  eomuKm  opinion,)  to  fadlilate  the  exerdse  of  huAtiqg ;  finr  in  ancient  times, 
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Tl^afc  theory  seems  to  me  infinitely  the  most  {MPobabtei  which 
attributes  the  formation  of  the  shelves  to  the  action  of  the  wa- 
ters of  a  lake.  The  perfect  horizontality  of  the  lines,  and  their 
exact  agreement  in  height  on  the  opposite  mountains,  added 
to  the  fact  of  their  running  up  the  smaller  tributary  glens,  and 
following  the  retiring,  as  well  as  the  projecting  parts  of  the  fa- 
ces of  the  mountains,  with  so  much  regularity  and  precision, 
—the  circumstance  of  their  encircling  isolated  hills  with  a  per- 
fect ring,  totally  unconnected  with  any  other  part  of  the 
shelves, — the  rounded  edges  of  the  rocks,  and  fragments  on 
their  lines, — ^the  change  which  takes  place  in  the  soil  above 
and  below  the  shelves, — their  expansion  into  mossy  flats  or  in- 
clined planes,  whenever  the  level  forces  them  to  do  so^— all 
combine  to  show,  that  nothing  but  the  surface  of  water  could 
have  caused  them.  That  alpine  lakes,  filling  deep  hollows 
amidst  mountains,  riiitig  from  their  bottoms  mtk  steep  and  al^ 
mast  precipitous  mcclivities^  do  generally  form  similar  shelves 
around  their  margins,  must  be  sufficiently  well  known  to  eve- 
ry one  who  has  had  an  opportunity  of  visiting  such  sceneSf 
Indeed  a  little  refiection  will  show»  that  this  must  necessarily 
ha|^[>en.  For  if  we  suppose  the  almost  perpendicular  sides  of 
such  a  hollow  to  be  filled,  to  a  considerable  height,  with  a  lake 
of  this  character,  as  exemplified  in  the  diagram,  (Hate  VIL 
%•  5t)j,  in  which  the  dotted  line  A  represents  ita  level,  then 

the 


«^  aaii  iadetd,  tiU  vidun  this  centurj,  the  yaUey  was  covered  with  wood,  winch 
^  mack  it  very  difficult  to  pursue  the  deer^  &c.  and  rendered  certain  avenues  ne- 
^*  cessory  for  effecting  this  purpose;  in  corroboration  of  whidi  qiimon^  it  may  be 
^  observed,  that  upon  the  sides  of  the  roads,  there  have  been  found  some  stakes 
*^  fixed  in  the  ground,  probably  the  remains  of  sonie  of  the  ps^ng  or  fences,  which 
^<  in  those  days  were  made  use  oi  to  coi^ne  the  game,  till  they  were  driven  in^ 
^  upon  a  field,  cMod^Dal^M-^ealgi  oir  Hunting  Dale,  where  the  presumption  is 
•♦  riiey  were  killed.'' 
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tlie  ftgitatiOn  of  the  surface  of  thia  lake,  by  the  various  winds 
to  which  it  may  be  exposed^  will  naturally  drive  its  waves 
against  some  of  the  points  round  its  margin^  as  a  a,  and  will 
gradually, eat  Away  the  bank  there  by  the  frequency  of  their 
action  against  it ;  whilst  all  being  still  undemeatli;  it  will  not 
be  affected  any  where  below.  Then,  as  the  water  thus  mines 
away  the  banks,  where  they  are  on  a  level  with  its  surface,  the 
earth  and  other  materials  will  naturally  fall  down  from  above^ 
so  as  to  form  two  sloping  cuts  or  notches  in  the  side  of  the 
hill,  as  represented  by  3B,  between  the  dotted  and  black  lines^ 
All  the  smaller  and  less  ponderous  substances,^  such  as  gravel, 
earth,  and  sand,  will  of  course  be  washed  inwards^  towards  the 
deeper  part  of  the  lake,  and  immediately  on  getting  beyond 
the  shallow,  wiQ  sink  down,  and  form  an  accumuli^ion  at  the 
bottom^  ami  on  the  sides,  as  represented  in  the  dtagramr  by  D^ 
between  the  dotted  and  black  lines.  But  the  violence  of  the 
waves  of  a  lake,  is  seldom  such  as  to  move  those  large  masses 
of  stone  that  may  be  supposed  to  be  uncovered^  loosened^  or 
undermined,  and  brought  down  by  the  almost  continualy 
though  gentle,  fluctuation  of  its  surface  towards  Its  shores* 
These,  therefore,  would  gradually  accumulate  on  its  shelving 
beach.  It  is  almost  unnecessary  to  add,  that  the  breadth  of 
the  shelves  (BB  in  the  diagram)  would  vary  according  to  the 
degree  of  hardness  or  softness  of  the  materials  forming  the  va* 
rious  parts  of  the  bank  on  which  the  water  woiild  have  to 
operate ;  and  that  where  stubborn  rock  should  present  it&elfi 
unless  it  were  placed  in  some  peculiarly  expoMd  situation,  it 
might  remain  for  ages,  hardly,  if  it  all  affected.  Wherever 
there  were  swells  or  promontories,  these  would  ia  general  be 
most  acted  upon  by  the  ag^icy  of  the  waves^  unless  other  cir^ 
cumstances  should  prevort  it  This  is^  indeed,  thepi^se 
character  of  all  mounCaiii  lakeS;  JUUng  hotkmi  between  very 
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9teep  acclivitiesj  like  those  I  have  supposed.  I  should  have 
little  difficulty  in  enumerating  many  such  pieces  of  water.  In 
the  earlier  part  of  the  very  tour  which  ultimately  led  to  my 
first  visit  to  Glen  Roy,  our  party  accomplished  a  rather  ardu- 
ous expedition  to  Loch  Aven,  a  lake  very  much  answering 
the  above  description.  It  is  situated  in  the  very  bosom  of  the 
Cairngorum  range  of  mountains,  having  that  which  is  more 
properly  called  Cairngorum  rising  on  its  western  side,  directly 
from  its  waves,  almost  to  the  utmost  height  of  the  mountain  ; 
and  on  the  south-eastern  side  Ben-mach-duie,  the  highest 
point  of  the  whole  chain,  is  seen  elevating  itself  equally  sud- 
denly, and  with  a  rocky,  and  almost  overhanging  front,  still 
grander  and  more  abrupt.  This  lonely  lake  presents  an  asr 
semblage  of  every  thing  that  is  wild  and  sublime  in  Scottish 
scenery.  The  gentlemen  of  our  party  who  were  familiar  with 
the  ruder  parts  of  the  Swiss  Alps,  admitted  that  Loch  Aven 
furnished  no  very  insignificant  specimen  of  the  terrific  scenery 
to  be  met  with  in  that  interesting  country ;  and  the  resem- 
blance was  rendered  more  striking,  when  we  saw  it,  on  the  Ist 
of  August,  from  an  immense  unmelted  glacier,  which  shone 
through  the  thin  mist  floating  on  the  brow  of  the  rocks,  at  the 
farther  extremity  of  the  lake*  Mr  Robson,  who,  in  his 
"  Sketches  of  the  GrampianSy^  has  given  a  very  faithful  out- 
line of  it,  is,  I  believe,  the  only  person  who  has  had  the  merit 
of  noticing  this  desert  and  desolate,  but  magnificently  gloomy 
spot  As  we  climbed  the  rugged,  and  almost  inaccessible  front 
of  one  of  the  crags,  rearing  itself  over  its  upper  extremity,  by 
a  pass  which  ascended  between  two  torrents,  precipitating 
themselves  with  dreadful  roar  from  the  glacier  on  the  brow  of 
the  mountain  above  us,  1  could  distinctly  perceive,  when  look- 
ing downwards  to  the  lake,  that  a  narrow  shallow  shelf  almost 
every  where  surrounded  it,  within  which  it  seemed,  by  its  sud* 
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den  change  of  appearance  and  colour,  from  an  extremely  green 
transparency,  to  a  pitchy  blackness,  to  become  all  at  once  of 
an  apparently  unfathomable  depth.    This  circumstance,  which 
I  remarked  at  a  moment  when  I  had  not  even  a  thought  of 
Glen  Roy,  struck  me  very  forcibly.     But  I  had  afterwards  oc- 
casion to  notice,  during  the  remainder  of  the  same  tour,  that 
such  was  almost  invariably  the  case  with  those  lakes  having 
steep  shores  of  the  same  description.     In  Loch  Lochy,  Loch 
Oich,  and  Loch  Ness,  wherever  the  mountains  rose  from  a 
depth  with  a  sudden  acclivity,  the  same  appearances  presented 
themselves.     And  what  appeared  more  extraordinary,  and 
what  I  scarcely  expected,  in  sailing  down  the  salt-water  lake 
or  arm  of  the  sea  called  Loch  Linnhe,  from  Fort  William  to- 
wards Coran  Ferry,  we  even  found  the  same  kind  of  shelf  in 
similar  circumstances  on  its  southern  side,  though  on  a  larger 
and  ruder  scale.   Since  that  time,  I  have  had  occasion  to  make 
the  same  remark,  where  the  hills  rise  abruptly  from  Loch  Awe, 
Loch  Lomond,  Loch  Tay,  and  almost  every  other  Highland 
lake  that  I  have  visited.     Most  of  the  .mountain  lakes  of  Swit- 
zerland and  Italy,  having  sides  of  the  same  precipitous  de- 
scription, are  surrounded  by  the  same  shelving  margin  ;  and, 
amongst  many  others,  the  lakes  of  Nemi  and  Albano  were 
particularized  to  me  by  an  intelligent  friend,  as  being  both  of 
this  character  *.     But  I  wish  it  to  be  always  understood,  that 
the  foregoing  illustrations,  as  well  as  the  diagram  to  which 
I  have  referred,  are  merely  applicable  to  the  formation  of 
a  shelf  on   the   steep  side  of  a  mountain^  where,  though  it 
may  not  be  found  so  broad  as  in   other  places,  it  will  al- 
ways be  more   sharply  marked  than  when   the  waves   are 
VOL.  IX.  p.  I.  c  expended 

; ; ■ — ^ — — r 

*  Since  this  paper  was  presented  to  the  Society,  I  have  had  an  opportunity  of 

satisfying  myself  of  the  accuracy  of  this  remark  with  regard  to  these  lakes,  as 
well  as  of  adding  to  the  examples  of  this  general  fact,  from  my  own  personal  ob- 
servations on  the  lakes  of  Maggiort^  Lttgano^  and  ComOj  as  well  as  in  the  upper 
part  of  the  Lake  of  Geneva^  and  several  other  ccmtinental  lakes,  having  preci{Htou5) 
shores. 
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exp^ided  on  a  more  gentle  slope,  where  they  will  produce 
shelves  less  distinctly  indented  indeed,  but  much  broad- 
er. The  number  of  lakes  which  furnish  examples  of  these 
broad  shallows  within  the  margin,  where  they  have  easi« 
ly  inclined  shores,  is  so  great  as  to  render  it  unnecessary  to 
instance  any  of  them.  This  last  remark,  however,  should  be 
kept  in  view,  because  it  will  be  found  to  apply  to  many  part0 
of  the  particular  description  of  the  courses  of  these  Lochaber 
shelves,  which  it  is  my  intention  to  give,  and  will  more  espe- 
cially explain  those  parts  of  them,  where  an  inattentive  observer 
would  be  apt  to  suppose  that  they  disappear  entirely,  when,  in 
reality,  they  only  become  less  distinct,  by  becoming  wider^ 
and  consequently  more  gradually  shelving. 

After  subjecting  mountain  lakes  to  this  close  investigation,  it 
will  probably  strike  every  one,  that  the  consequence  c^  the 
sudden  escape  of  the  water  from  one  of  them,  would  be  the 
immediate  iqppearance  of  a  glen  having  a  range  of  horizontal 
shelf,  traced  high  up  (m  the  hce  of  its  mountains,  and  in  every 
respect  similar  to  those  exhibited  in  Lochaber ;  and  this  would 
be  either  distinctly  seen  all  around  it,  or  would  appear  only 
partially,  as  the  nature  of  the  different  parts  of  the  sides  of  the 
hills  happened  to  be  more  or  less  obdurate  or  friable,  and 
would  present  all  the  modifications  of  breadth,  that  might  have 
berai  occasioned  by  their  various  degrees  of  slope,  as  well  as  by 
their  numerous  promontories,  swells,  hollows,  or  bendings» 
Through  the  kindness  of  a  friend,  who  was  one  of  the  party  in 
my  first  visit  to  Glen  Hoy,  and  who  is  well  acquainted  with 
the  spot  I  am  now  about  to  describe,  I  am  fortunate  in  ha- 
ving it  inmy  power  to  produce  a  case  exactly  of  this  descrip- 
tion, where  there  cannot  be  a  doubt  that  such  an  escape  of  the 
waters  of  a  lake  did  unquestionably  happen,  although  the  ex- 
act time  when,  and  the  actual  manner  how  it  occurred,  is  lost  in 
the  obscurity  of  the  dark  ages.  The  valley  to  which  I  allude  is  si- 
tuated a  little  above  the  town  of  Subiaco  in  Italy,  lying  about 
forty-six  miles  to  the  eastward  of  Rome,  and  twenty-eight 
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from  TivolL  The  river  runniog  through  the  vtJley  nearly  retaini  ^ 
ks  ancient  name,  being  there  called  the  Aniene ;  but  as  it  ap» 
proaches  Tivoli,  it  takes  the  more  modem  appeUation  of  the 
Teverone.  Subiaco  is  an  Italian  corruption  of  Sid)laqtteum, 
by  which  name  it  was  anciently  known.  Following  the  course 
of  the  river  upwards  from  Subiaco,  the  mountains,  v^ich  are 
part  of  the  Aj^pennines,  and  of  very  considerable  height,  begin 
to  close  around,  confining  the  bottom  into  a  narrow  glep  \  and 
in  about  half^a-mile  after  leaving  the  town,  the  valley  is  obseiv 
ved  to  be  blodked  up  all  at  once,  by  an  immense  wall  of  rock, 
perhaps  100  feet  high,  crossing  it  at  right  angles,  (see  Plate  VIL 
fig.  1.  and  fig.  4.  A).  This  appears  rent  perpendicukuiy  from 
top  to  bottom  in  the  centre,  as  if  by  some  unaccountable  ccm- 
vulsion,  presenting  a  chasn;i,  which  is  only  12  or  15  feet  wide, 
and  which  it  is  quite  impracticable  to  enter,  as  the  bottom  is 
filled  by  the  river,  which  is,  indeed,  very  much  confined  in  its 
passage  through  it  Hiis  natural  barrier  of  rock,  is  perhi^s  not 
less  than  an  hundred  yards  in  thickness,  and  although  it  is 
quite  perpendicular  towards  Subiaco,  it  has  a  slope  towards 
the  other  side,  whidi  faces  up  the  river.  The  sketch  of  it, 
(Plate  VII.  fig.  1.)  was  drawn  from  an  outline  done  by  my 
Mead  firom  recollection,  and  is  sufficiently  accurate  to  give 
some  notimi  of  this  singular  rock,  at  least  as  far  as  re^tls 
the  present  purpose ;  and  the  perpendicular  section  of  it, 
(Plate  VIL  fig.  2.),  supposed  to  be  made  on  the  same  line 
with  the  ravine,  gives  an  idea  of  both  its  steep  and  its 
sloping  side.  The  plan  of  the  valley,  (Fig.  4.),  although  it 
is  drawn  from  a  mere  sketch  firom  memory,  by  the  same  gen- 
tleman, will  illustrate  the  description.  Havmg  got  beyond  the 
rocky  wall,  (marked  A,  fig.  4.),  the  glen  to  which  I  wish  to 
solicit  attention,  is  found  to  be  deep  and  narrow,  and  about  a 
mile  in  length.  The  river  Aniene  runs  along  in  the  bottom, 
and  the  mountains  on  either  side  rise  immediately  fit>m  its 
margin,  and,  with  a  very  sudden  and  steep  acclivity,  as  is  re- 
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presented  in  a  section  of  the  valley,  supposed  to  be  taken 
across  from  B  to  E  of  the  plan,  and  given  in  fig  3.,  in  which 
G  represents  the  river.  High  up,  on  the  face  of  the  hills  on 
the  south  side  of  the  valley,  are  the  remains  of  the  Baths  of 
Nero,  (E  in  the  plan,  fig.  4.  and  section,  fig.  3,),  and  the  re- 
mains  of  the  mouth  of  the  Aqueduct  by  which  Appius  Clau- 
dius conveyed  water  into  Rome,  from  the  lake,  which  origi- 
nally filled  the  valley  to  that  height,  (F,  fig.  4.)  On  a  level 
with  these,  and  consequently  on  a  level  with  the  ancient  lake,, 
an  exact,  and  perfectly  horizontal  shelf^  in  every  respect  resem- 
bling those  of  Lochaber,  runs  around  the  face  of  the  hills  on 
the  southern  side  of  the  valley,  as  expressed  by  the  dotted 
line,  fig.  4.  But  on  the  northern  side,  ("where  B,  fig.  4.  marks 
the  situation  of  the  convent  of  Santa  Scholastica,  and  C  that 
of  San  Benedetto),  there  is  a  great  deal  of  rock,  and  conse- 
quently no  such  appearance  of  a  shelf  is  to  be  observed.  At 
the  head,  or  western  extremity  of  the  valley,  (D,  fig.  4.)  the 
river  enters  it  through  a  ravine,  by  rapids,  and  over  a  cascade^ 
Such  is  a  description  of  the  present  state  of  this  singular  spot,, 
to  which  I  must  beg  particular  attention,  as  it  will  be  found 
to  have  a  wonderful  resemblance,  in  all  its  parts,  to  some  of 
the  appearances,  to  be  described  in  the  sequel  of  this  paper.. 
The  Valley  of  Subiaco  was  anciently  filled  with  part  of  the  5m- 
bruina  Stagna;  and  the  name  of  Subtacum  was  given  to  the  an- 
cient town,  from  the  circumstance  of  its  being  situated  under  the 
lake.  Of  the  Simbruina  Stagna,  anciently  three  in  number,  none 
are  now  remaining.  This  was  the  lowest ;  the  other  two  were 
formed  by  the  river  higher  up,  and  it  is  very  probable^  that 
some  interesting  appearances,  of  a  similar  nature  to  those  I 
have  been  describing,  may  likewise  exist  on  the  sides  of  the 
hills  which  served  formerly  to  confine  them.  But  the  banka 
of  the  Aniene  are  little  known  above  the  valley  of  Subiaco, 
the  country  being  so  overrun  with  banditti,  that  there  is  no 
safe  travelling  beyond  the  Convent  of  San  Benedetto,  where, 
indeed^  the  regular  road  stops.    These  lakes  are  more  than 

once 


Digitized  by 


Google 


OF  LOCHABER.  21 

once  mentioned  in  the  classics^  particularly  by  Tacitus,  who 
notices  the  fact  of  Claudius's  aqueduct  having  its  origin  on 
the  hills  on  their  margin;  ^^fontesque  aquarum  ab  Simbrui- 
^^  ni$  coUilms  dedtictos^  urbi  intulit^'  (Ann.  lib.  xi.  cap.  13;) ; 
and  the  circumstance  of  Nero,  who  had  a  villa  there,  having 
made  it  an  occasional  residence,  is  also  established  by  the  same 
historian,  who  mentions  the  fact  of  that  Emperor  having  been 
alarmed  by  prodigies  whilst  in  that  retreat :  "  Nam  quia  dis-^ 
"  cumbentis  Neronis  apud  Simbruina  Stagna  cut  Sublaqueum 
"  namen  esty  ictu  dape  memaque  diffjecta  eraiy^  (Ann.  lib.  xiv. 
cap.  22.)  The  remains  of  the  baths  of  Nero,  E,  fig.  4.  PI.  VII. 
and  the  mouth  of  the  Gaudian  aqueduct,  F,  fig.  4,  which  are 
both  exactly  on  the  line  of  shelf  running  around  the  face  of 
the  hills  on  the  north  side  of  the  valley,  and  which,  happily  for- 
our  illustration,  were  both  of  a  nature,  that  rendered  water  es- 
sentially necessary  for  their  several  objects,  sufficiently  prove 
that  it  must  have  owed  its  origin  to  the  action  of  the  waves  of 
the  lake,  which  must  have  had  its  margin  there,  (as  at  E,  fig  3., 
where  BE  represents  its  ancient  surface),  otherwise  it  is  mani- 
fest that  both  those  buildings  would  have  been  useless.  The 
wall  of  rock,  (fig.  1.),  as  described  by  my  firiend,  is  just  the 
height  of  the  shelf,  and  composed  of  what  he  called  "  the  na- 
*•  tive  rock,"  or  that  which  is  every  where  prevalent  in  the 
neighbourhood.  This,  we  know  from  Bbocchi's  late  work  on 
the  Geology  of  the  Appennines,  is  ar  peculiar  sort  of  lime- 
stone, of  a  pearl-grey,  dusky-white,  or  smoke  colour,  with  a 
smooth  earthy  fracture,  without  lustre.  But  what  forms  a  ve- 
ry singular  and  striking  physical  corroboration  of  the  histori- 
cal fact,  Jhat  the  river  once  ran  over  the  top  of  this  rocky  dam, 
is,  that  the  upper  surface  of  it,  (A,  figs.  1,  and  2.)  is  covered 
by  a  formation  of  the  travertina  tufa^  which  calcareous  incrus- 
tation must  have  been  deposited  there  by  its  waters,  when 
flowing  from  the  lake  at  that  elevation.  The  river,  as  is  well 
known,  continues  to  deposit  the  same  tufa  every  where,  parti- 
cularly 
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cularly  at  the  cascade  of  Tivoli,  where  this  substance  is  con«' 
stantly  accumulating*. 

As  the  ancients  mention  the  existence  of  the  lake,  which 
once  filled  the  valley  of  Subiaco,  but  take  no  notice  of  the 
cause  by  the  operation  of  which  it  was  drained,  it  must  have 
occurred  at  some  period  between  the  fifth  and  the  fourteenth 
centuries.  It  is  as  impossible,  as  it  is  unnecesisary  for  me,  to 
offer  even  a  conjecture  about  the  nature  of  this ;  but  I  hope 
enough  has  been  established  to  prove,  that  the  valley  of  Subi- 
aco  fiimishes  a  decided  and  well-authenticated  instance  of  a 
range  of  shelf,  in  every  respect  like  those  of  Lochaber,  and 
which  has  been  unquestionably  formed  by  the  waters  of  a  lake. 
From  the  particular  description  I  am  to  give,  it  will  appear 
that  the  resemblance  between  the  Glen  of  Subiaco  and  those 
of  Lochaber,  is  rendered  extremely  strong  by  a  number  of  cii> 
cumstances,  common  to  all  of  them;  perhaps  the  most  re- 
markable of  these  is^  that  the  waterfalls  and  ravines  of  Su- 
biaco, B.ve  also  found  placed  iu  similar  situations  in  the  Loch- 
aber gleus. 

Partiadar  Description  of  the  Shelves^  as  connected  with  the  Geo^ 
gtaphy  of  ike  Country^  and  the  Appearance  of  the  Glens  in 
which  they  are  found. 

I  PROPOSE  to  arrange  the  more  particular  description  of  the 
shelves,  which  I  am  now  about  to  give,  in  the  following  order, 

which 

*  When  I  was  lately  at  Tivoli,  I  had  the  most  earnest  desire  to  viat  Subiaco 
in  person,  not  only  to  make  my  own  observationa  on  the  valley^  hut  likewise  to  eii- 
joy  a  range  of  scenery,  described  to  me  as  being  <^  the  most  romantic  character; 
but  I  regret  to  say,  diat  a  Variety  of  circumstances  compelled  me  to  abandon  the 
attempt,  with  very  great  reluctance.  I  had,  however,  some  satisfaction,  in  avail- 
ing mysdf  of  Ab  oppc»tuility  of  corroborating  the  description  in  the  text,  by  the 
testimony  of  one  or  two  of  my  B<»nan  firiends,  who  had  been  at  SuUaoo) 
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which  will  be  easily  understood  from  the  map.  I  mean  to  be- 
gin at  Lowbridge,  and  describe  the  whole  of  Glen  B,oy  up- 
wards. I  shall  then  give  a  general  account  of  the  Glen-mor- 
na-AIbin^  or  Great  Glen  of  Scotland,  the  necessity  of  which 
will  af^ar,  when  I  come  to  the  theoretical  part  of  my  paper. 
Proceeding  from  thence  south-westwards,  I  shall  describe  the 
more  open  part  of  the  country  about  the  Spean.  I  shall  trace 
Gl^i  Roy  upwards  to  the  Loch  of  Spey ;  return  to  the  mouth 
of  Glen  Turret,  and  describe  that  valley,  and  the  High  Glen 
of  its  little  tributary  stream  upwards,  to  where  it  opens  at  its 
north-western  extremity  into  the  head  of  \Glen  Gluoy.  Re- 
turning to  the  mouth  of  Glen  Roy,  I  shall  describe  tljie  whole 
of  Glen  Spean,  Loch  Laggan,  and  Loch  Treig ;  and  shall  con- 
clude with  a  description  of  those  very  satisfactory  and  convin- 
cing appearances  in  the  bottom  of  Glen  Spean,  which  are 
numbered  in  the  map  with  the  figures  5,  6,  and  7.  and  which 
can  be  viewed  in  no  other  light  than  as  being  three  inferior 
shelves,  each  successively  of  lower  level  than  that  numbered 
as  above  it. 

The  general  direction  of  Glen  Gluoy  is  nearly  S.  E.  and 
N.  W.,  and  its  length  is  about  seven  or  eight  miles.  Its 
mouth  opens  into  the  Great  Glen  of  Scotland  at  Lowbridge, 
and  it  pours  its  stream  into  Loch  Lochy,  a  little  way  below 
that  place.  The  hills  bounding  Glen  Gluoy  approach  one 
another  very  closely,  leaving  no  more  than  room  for  the  river 
to  run  in  the  bottom.  They  are  very  lofty  and  steep,  particu- 
larly at  Lowbridge,  over  which  they  rise  with  a  bold  front, 
there  forming  the  side  of  the  Caledonian  Glen.  They  are  in 
general  covered  with  a  short  grass,  and,  like  all  the  rest  of  the 
hills  in  this  neighbourhood,  afford  excellent  sheep-pasture. 
From  the  extreme  narrowness  of  this  glen,  its  shelf  is  not  ea- 
sily viewed.  I  am,  however,  enabled  to  describe  it,  by  having 
paid  two  visits  to  the  valley,  in  the  course  of  which,  I  looked 
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into  it  from  th  e  side  of  the  mountain  Ben-y-vaan,  guarding  its  en*- 
trance  on  the  south,--' traversed  its  whole  extent,  going  up  the  one 
side  of  the  river,  and  down  the  other,  so  as  to  endeavour  to  se- 
cure the  most  perfect  view  of  the  two  corresponding  parts  of 
the  shelf, — and  looked  down  its  whole  length,  from  a  point  on 
the  side  of  the  mountains,  at  its  upper  extremity,  (see  a  in  the 
map),  whence  an  excellent  view  of  it  is  enjoyed,  (see  Plate  L) 
About  three  miles  up  Glen  Gluoy,  it  is  joined  by  a  smaller 
valley,  called  Glen  Fintack,  whence  a  considerable  stream,  lia- 
ving  a  short  run,  pours  itself  into  the  Gluoy.     Above  this,  the 
glen  makes  several  gentle  winds.     Shelf  Isty  the  only  one  to 
be  met  with  in  Glen  Gluoy,  first  appears  near  the  top  of  the 
mountain,  on  the  N.  W,  side  of  the  valley,  a  considerable  way 
below  that  part  of  it  which  is  opposite  to  Glen  Fintack.     The 
sides  of  Ben-y-vaan,  which  is  a  long  flat-ridged  mountain,  are 
rocky ;  and  the  whole  sides  of  Glen  Fintack  are  particular- 
ly so,  presenting  every  where  a  very  magnificent  enclosure,  of 
abrupt  and  perpendicular  precipices  of  great  height     I  could 
not  perceive  any  appearance  of  the  shelf  on  the  S.  K  side,  un- 
til I  observed  it  on  the  face  of  the  mountain  which  bends  out 
from  the  N.  E.  side  of  Glen  Fintack,  into  Glen  Gluoy.     At 
this  point  there  even  appears  to  be  some  traces  of  two  lines  ; 
but  one  of  these,  I  believe  the  uppermost,  is  not  continued, 
and  is  probably  nothing  more  than  an  accidental  mark  on  the 
angle  of  the  hill.    And  here  I  may  take  the  opportunity  of  of- 
fering a  caution  to  future  observers,  not  to  decide  too  hastily 
as  to  such  faint  appearances,  unless  in  situations  where  the 
probability  of  their  being  portions  of  the  shelf  is  borne  out  by 
a  sameness  of  level.     For,  aided  by  fancy,  which  is  always 
alive  in  an  investigation  of  this  kind,  the  eye  is  very  apt  to 
lead  the  judgment  into  error.     I  may  mention,  as  one  very 
strong  instance  of  this,  that,  at  one  place,  on  the  N.  W.  side, 
and  nearer  to  the  upper  end  of  Glen  Gluoy,  I  was  for  some 
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time  led  to  suppose,  that  there  was  decidedly  a  second  line  of 
ishelf,  until  a  more  perfect  view  from  the  side  of  the  hill  di- 
rectly opposite,  completely  satisfied  me,  that  the  undermost, 
extending  only  a  short  way,  was  neither  parallel  to  that  above 
it,  nor  horizontal  in  itself.  On  ascending,  to  take  a  nearer  and 
more  accurate  inspection,  of  what  appeared  so  very  distinctly 
marked  when  viewed  from  below,  I  found  it  to  be  no  other  than 
a  well-trod  sheep-track,  not  more  than  six  inches  in  breadth  ; 
whilst  the  actual  shelf  itself,  from  the  steepness  of  this  part  of 
the  hin,  affords  a  broader  and. more  perfisctly  indented  speci- 
men, and  more  perfectly  defined,  dian  is  to  be  met  with  in  any 
other  part  of  the  valley.  The  deception  was  increased,  by  a  small 
patch  of  heath  having  been  burnt  by  the  shepherds  the  season 
before ;  and  the  line  of  the  dieep-track  having  arrested  the  fire, 
and  prevented  it  from  spreading  below  it,  the  linear  appear- 
ance on  the  face  of  the  mountain  was  thereby  rendered  the 
more  remarkable. 

The  bottom  of  Glen  Gluoy  rises  considerably  towards  its 
upper  extremity,  which,  turning  south-eastwards,  is  rather  ex- 
panded into  an  amphitheatre ;  and  from  the  end  of  it  there  is  a 
vista  through  another  glen,  falling  towards  Glen  Turret  and 
Glen  Boy,  and  which,  to  mark  the  difi^rence  between  it  and 
those  lower-bottomed  glens,  I  have  distinguished  in  the  map 
by  the  words  High  Glen.  The  shelf  having  begun  on  each 
si4e  of  Grlen  Gluoy,  at  the  points  already  noticed,  is  very  easi- 
ly traced  almost  every  where  throughout  its  whole  course  up- 
wards. That  part  of  it  on  the  north  side,  runs  around  the  se- 
micircular boundary  of  the  head  of  the  glen,  and  just  touches 
the  level  of  the  bottom  of  the  stratum  of  moss,  lying  in  the 
mouth  of  what  I  have  called  the  High  Glen,  which  I  shall  af- 
terwards have  occasion  to  describe  more  particularly.  From 
this  point  the  shelf  bends  round  to  the  south  side  of  Glen 
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Gluoy,  where  it  expands  into  a  wide  inclined  plane,  and 
where  it  is  united  to,  and  identified  with,  the  twin  portion  of  it 
coming  up  on  the  faces  of  the  hills  on  that  side  of  the  valley^ 
Hiis  broad  part  of  the  shelf  is  about  one  hundred  yards  wide, 
and  presents  the  abrupt  face  of  a  bank  to  the  bottom  of  the 
glen.  By  an  examination  of  the  map,  the  river  Gluoy  will  be 
observ^  to  enter  the  glen  from  its  southern  mountains, 
whence  it  throws  itself  in  a  cascade,  and  falls  by  a  series  of  ca- 
taracts into  a  very  remarkable  ravine,  dividing  the  inclined 
plane  or  broad  part  of  the  shelf^  at  right  angles  to  its  line  of 
extent  Throughout  the  whole  length  of  this  singular  chasm, 
which,  though  only  a  few  feet  wide,  is  perhaps  not  less  than  ' 
fifly  or  sixty  feet  deep,  the  river  has  worn  out  a  passage  on  a 
level,  not  much  above  that  of  the  bottom  of  the  valley,  into 
which  it  issues,  and  where  it  is  almost  immediately  joined  by 
a  branch  coming  from  the  hills  to  the  north.  Some  little  way 
below  the  junction  of  the  two  streams,  the  river  begins  to  lay 
bare  the  rock  in  its  course,  which  becomes  more  rugged,  as 
it  deepens  in  its  progress  towards  the  Great  Glen  of  Scot* 
land. 

The  Glen-mor-^na^Albiny  or  Great  Glen  of  Scotland,  enough 
of  which  is  laid  down  in  the  accompanying  map,  to  show  ki$ 
reference  to  tJie  district  under  consideration,  bisects  Scotland 
In  a  straight  line,  from  N.  E.  to  S.  W.  from  the  east  sea  at  In* 
verness,  to  the  west  sea  at  Fort  William.  It  is  narrow 
throughout  its  whole  length,  seldom  much  exceeding  a  mile 
in  breadth,  except  where  it  expands  towards  the  lower  end  of 
Loch  Ness.  The  mountains  forming  its  sides  are  every  where 
lofty,  abrupt,  and  precipitous,  bearing  every  appearance  of  ha« 
ving  been  severed  from  one  another,  by  some  tremendous  con* 
vulsion  of  nature.  The  bottom  is  chiefly  filled  by  Lochs  Ness, 
Oich,  and  Lodiy,  and  has  so  very  small  a  rise  from  the  two 
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9eas  towards  thd  center^  that  the  summit-level,  as  taken  for 
the  Caledonian  Canal,  is  not  9iore  than  ninety-four  feet  above 
high-water  mark.  Where  the  bottom  of  the  glen  is  not  occu^ 
pied  by  the  lakes,  it  is  covered  to  a  great  depth  by  aliiiyial 
matter.  Even  at  the  summit-level,  where  the  canal  is  now  ex^ 
cavating  to  a  depth  of  twenty-five  feet,  the  workmen,  after 
cutting  through  a  thick  stratum  of  moss,  found  nothing  but 
sand,  clay,  gravel,  and  rounded  stones,  the  debris  of  rocks  of 
the  primitive  series,  nor  has  the  slightest  appearance  of  ma-> 
rine  exuviae  been  any  where  discovered.  From  the  Glen-mor-« 
na- Albin,  several  others  branch  off  at  considerable  angles,  and 
there  are  some  lesser  cracks  and  ravines  of  similar  bearing  to 
these  dividing  the  faces  of  its  mountains. 

Proceeding  from  Lowbridge  along  the  road  towards  Fort 
William,  the  mountain  of  Ben-y-vaan,  on  the  left  hand, 
stretches  from  the  mouth  of  Glen  Gluoy,  in  a  S.  W.  direction, 
opposing  an  abrupt  and  rocky  face  to  the  Glen-mor-na- Albin, 
and  terminating  suddenly  at  a  point  above  a  mile  from  Hi^- 
bridge,  whence  it  turns  back  towards  the  N.  £.  at  an  acute 
angle,  afid  then  begins  to  form  the  northern  boundary  of  the 
wider  and  more  open  country,  stretching  soutliwards  towards 
the  Ben  Nevis  range.  The  river  Spean,  issuing  from  its  g]et^ 
and  immediately  afterwards  uniting  with  the  Boy,  runs  across 
a  large  basin  in  this  open  country,  in  a  direction  nearly  west, 
laying  bare  the  rock  as  it  advances,  and  cutting  more  and 
more  deeply  as  it  approaches  Highbridge,  where  the  ravine, 
having  become  of  great  depth,  is  croi^^  by  the  tall  pillars  and 
arches  of  the  picturesque  military  bridge,  which  has  recei- 
ved its  name  from  its  remarkable  elevation.  Througli  this, 
the  Spean  foams  onwards  in  a  series  of  rapids  and  cata- 
racts, to  join  the  river  Lochy.  This  latter  part  of  its  course 
divides  a  range  of  lesser  hills,  ranning  from  the  foot  of  the 
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mountain  Ben-y*vaan  south-westwards,  along  the  side  of  the 
Glen^mor-na-Albin,  and,  as  indicated  in  the  map^  sweeping  in 
a  semicircular  serka  of  still  smaller  eminences,  combining  ta 
form  a  rather  elevated  moor,  stretching  towards  the  west* 
ern  projection  of  the  mountain  Aonadi-more,' where  it  conw 
pletes  the  indosure  of  what  may  be  termed  the  Basin  of  the 
SpeaiL. 

In  the  neighbourhood  of  the  House  of  Inch,  which  is  more 
than  three  miles  above  Highbridge,  the  mountains  on  eAl  side» 
begin  to  approach  nearer  to  one  another,  forming  what  may  be 
considered  as  the  proper  entrances  of  Gten  Roy  and  Glen 
Spean.  The  sketch,  Plate  IL  (taken-  from  the  hills  on^  the 
south  side  of  Glen  Speair,  at  the  point  marked  &  in  the  map}> 
affi>rds  a  much  better  general  notion  of  the  situation  and  na- 
ture of  the  mouth  of  Glen  Roy,  m  relation  to  that  of  Glent 
Spean^  than  any  words  can  convey.  I  may,  however,  remark 
in  reference  to  it,  that  the  mountain  Ben«-y-vaan,  after  return* 
ing  eastward  from  its  angle  opposite  to  Highbridge,  op^ns^ 
backwards  towards  the  north,  making  room  for  a  pretty  consi- 
derabfe^  but  much  devated  valley,  called  Glen  CoUarig,  lying 
between  it^  and  the  round  hill  guarding  the  western  side 
of  the  mouUi  of  Glen  Roy.  This  round  bill,  which  is  marked 
on  the  map  by  its  name,  The  Hill  ofBohuntine^  is  particularly 
interesting,  owing  to  a  number  of  circumstances,  to  be  after- 
wards  noticed.  It  ia  isolated  from  the  neighbouring  moun- 
tains^ by  Glen  Roy  making  a  great  and  sudden  bend  around 
its  base  upon  the  eastern  side;  on  the  south  and  west  by  Gleni 
CoUarig,  and  the  little  stream  sent  by  that  valley,  through  & 
deep  dellv  to  join  the  Roy ;  and  on  the  north,  by  the  upper 
part  of  Glen  CoUarig,  marked  Oap  in  the  map,  which  forms  a 
pass  into  Glen  Roy.  The  bottom  of  this  openmg  however, 
is  at  a  great  height  above  that  of  Glen  Roy,  into  whidi  it  faUs 
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Budtd^y^  hming  the  appearanoe,  wh^i  viewed  from  that  val- 
ley, of  a  very  singular  breach,  high  up  in  the  Bides  of  its  north- 
westam^moimtwis.  When  viewed  firom  Glen  CoUarig,  the 
G«p  appears  as  in  Plate  III.  fig.  1.  (which  was  sketched  from 
point  c  in  the  map) ;  and  fig.  2«  of  the  same  plate,  (which  was 
sketched  from  the  point  e  in  the  map),  shows  its  appearance 
when  looked  at  from  Glen  Roy.  This  Gap,  is  what,  in  my 
former  paper,  I  had  conjectured  to  have  a  communication 
with  Glen  Gluoy ;  but  the  description  I  have  just  givjen  of  Glen 
Collarig,  shows  this  notion  to  have  been  erroneous.  Glen 
Gluoy  has  indeed  no  other  communication  with  Glen  Roy, 
than  by  the  high  glen  of  Glen  Turret,  which  I  shall  have  oc- 
casion to  describe  afterwards. 

The  shelf  which  is  marked  all  along  its  line  with  the  figure 
4  in  the  map,  and  which  I  said  I  was  to  designate  as  shelf  4:thj 
makes  its  first  appearance  high  up  on  the  side  of  Ben-y-vaan, 
somewhat  more  than  a  mile  to  the  east  of  Highbridge.  From 
this  point  it  runs  faintly  eastwud,  ^iweeps  up  the  Glen  of  Col- 
larig, and  crosses  it  just  i^ve  some  cottages,  in  the  form  of 
an  extended  mossy  fiat,  or  rather  gently  indined  plane^  whidi 
has  steep  banks  towards  thq  bottom  of  the  valley.  It  then 
b^ins  to  return  indistinctly  back,  on  the  western  side  c^  the 
round  hill  of  Bohuntine,  increadng  in  strength  as  it  embraces 
its  southern  side  ;  and  again  winds  round  it  in  a  northerly  di- 
rection, till  it  bends  into  Glen  Roy.  Plate  II.  will  show  this 
part  of  the  course  of  ^If  4th,  and  Plate  III.  fig.  1.  will  fur- 
nish some  notion  of  the  mode  in  which  it  crosses  Glen  Colla- 
rig. In  this  last  Plate,  49helf  2d  atxl  duelf  3d,  are  seen  coming 
from  Glen  Roy  through  the  Gap  towards  the  eye,  and  termi- 
nating abruptly  on  both  sides,  as  I  shall  afi;erwards  explain 
more  particularly. 

The 


Digitized  by 


Google 


30  ON  THE  PARALLEL  ROADS 

The  lower  valley  of  Glen  Roy  stretches  in  a  N,  R  direction, 
from  the  junction  of  its  rirer  with  the  Spean,  to  a  point  at  the 
distance  of  about  nine  miles,  where  it  is  terminated  by  a  rock, 
having  a  dry  crag^  hollow  on  its  north  side,  and  a  d^p  ra- 
vine, containing  the  river,  on  the  souths  so  that  it  may  almost 
be  said  to  be  isolated  fitxcn  the  higher  rocks  flanking  the  glen, 
between  whidi  it  extends  across.  The  country  above  this 
point,  being  of  a  diflferent  diaracter,  may  be  called  Upper 
Glen  Rop.  Though  not  quite  so  narrow  and  confined  as  Glen 
Gluoy,  yet  the  green  mountains,  of  Lower  Glen  Roy  are  as 
jiigh,  and  rise  with  acdivtties,  which  are  in  general  fully  as 
steep  as  those  of  the  former  valley  j  and  throughout  the  great- 
er part  of  its  extent  there  is  not  much  more  space  in  the  bot- 
tom than  is  sufficient  for  the  bed  of  the  stream.  Having  wound 
over  the  natural  boundary  dividing  Lower  from  Upper  Glen 
Roy,  and  proceeding  to  trace  the^stream  of  the  Roy  upwards, 
the  country  is  found  to  open  out  into  a  wider  and  higher  valley, 
expanding,  as  it  stretches  eastward,  the  hills  apparently  sinking 
in  elevation,  as  the  levd  of  the  bottom  risasr  Into  this  the 
waters  of  the  Roy  entar,  by  two.  several  branches,  from  the 
sloping  hills  which  bound  iL  :  Ai^  a  point  about  three  or  four 
miles  above  the  isolated  rock,  the  valley  becomes  extremely 
flat  It  is  skirted  on  the  north;by  alqw  rocky  ridge,  which,  as 
it  loses  itself  in  the  bottom  ot*  the  plain,  offers  no  interrup- 
tion to  the  very  gradually,  nay,  alibdst  imperceptibly  rising  le- 
vel, of  the  mossy  ground  stretching  to  the  Loch  of  Spey,  the 
source  of  the  river  of  that  namtt.  From  thi^  point,  which  ia  the 
summit  level,  there  is  a  gentle  fall  of  the  country,  by  the  course 
of  the  Spey,  towards  Ganramoore.  Returning  downwards  to  the 
head  of  Lower  Glen  Roy,  we  find  that  the  river  forces  its  way, 
with  great  fury  and  precipitation,  through  the  ravine,  (mariced  in 
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the  map),  which  surrounds  the  south  side  of  the  isolated  rock, 
and  at  a  little  distance  below,  it  throws  itself  over  a  beautiful, 
and  very  considerable  waterfall.  From  this  point,  where  the 
valley  widens  for  a  little  way,  the  river  runs  through  a  gravel- 
ly alluvial,  and  being  soon  afterwards  joined  by  the  stream 
from  Glen  Turret,  it  begins  gradually  to  display  rocks  in  its 
bed,  through  which,  as  it  advances,  it  continues  to  cut  deeper 
and  deeper,  till  it  approaches  the  idat  ground  near  the  Spean. 
But  although  the  immediate  course  of  the  streaih  be  thus  held 
amongst  rocks,  yet  large  beds  of  alluvial  matter,  chiefly  a  red  * 
clay,  with  rounded  pebbles  and  sand,  are  every  where  to  be 
met  with,  hanging,  as  it  were,  on  the  sides  of  the  inclination 
of  the  valley,  between  the  shelves  and  the  river.  These  beds 
are  stratified  more  or  less  regularly,  and  fine  sections  of  them 
are  afforded  by  the  streams  which  cut  through  them  in  variouis 
places,  in  their  way  to  join  the  Roy,  which,  in  its  progress 
down  the  valley,  receives  several  tributary  brooks. 

I  have  already  traced  Shelf  ^th  atound  the  hill  of  Bohun* 
tine,  and  into  the  mouth  of  Glen  Roy.  It  is  continued  up 
the  N.  W.  side  of  the  valley,  and  runs  along  the  face  of  the 
hill,  perhaps  above  one  hundred'  feet  below  the  level  of  the 
bottom  of  the  Gap,  (Plate  IIL  fig<  2.)*  From  this  point  it  is 
almost  every  where  very  distinctly  marked  in  its  course  w^ 
wards,  until  it  comes  to  the  opening  of  Glen  Turret,  into 
which  it  ;^pands  in  a  wide^xtended  inclined  plane,  above 
half  a  mile  in  diameter,  displaying  a  surface  of  peat-moss, 
formed  over  a  deep  alluvial  deposit  of  gravel  and  sand,  and 
presenting  a  hi^  and  abrupt  bank  to  the  stream  of  the  Roy, 
running  in  a  line  with  the  bottom  of  it  The  level  of  the 
shelf  seems  here  just  to  touch  upon  the  houses  of  Glen  Tur^ 

ret> 
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ret,  situated  at  the  upper  part  of  this  plane,  near  the  junction 
of  the  two  streams  combining  to  form  that  river,  whence  it 
stretches  under  the  mountain  of  Tom-Bhran,  and  crosses  to 
the  south  side  of  Glen  Roy,  narrowing  as  it  begins  to  return 
downwards,  till  it  gradually  again  assumes  the  ordinary  ap- 
pearance of  a  proper  shelf.  I  shall  here  content  myself  with 
mentioning,  that  Shelf  4th  is  to  be  traced  all  the  way  down 
the  S.  K  side  of  Glen  Roy ;  but  f  shall  postpone  the  descrip- 
tion of  its  progress  around  Glen  Spean,  until  I  shall  come  to 
notice  that  valley  vin  particular. 

By  looking  at  Plate  11.  Shelf  3d  will  be  observed  beginning 
on  the  north  side  of  the  mouth  of  Glen  Roy,  at  a  hollow  on 
the  S.  E.  side  of  the  round  hill  of  Bohuntine,  whence  it  disap- 
pears into  the  glen.  As  Shelf  2d  does  not  show  itself  until  a 
little  way  farther  on,  its  origin  is  not  visible  in  this  sketch  ; 
but  a  reference  to  the  map'  will  show  the  commencement  of 
both  these  shelves,  which  sweep  around  the  eastern,  or  Glen 
Roy  side  of  the  hill  of  Bohuntine,  and  then  bend  into  the  Gap 
which  leads  into  Glen  CJoUarig,  where  they  show  themselves 
as  represented  in  the  sketch,  Plate  III.  fig.  2.,  and  where  they 
appear  to  terminate  suddenly.  The  same  drawing  will  also 
show,  that  they  commence  as  abruptly  on  the  north  side,  at 
points  exactly  opposite  to  those  where  they  are  broken  off  on 
the  south  side.  From  thence  they  run  back  towards  Glen 
Roy,  on  the  same  level,  sweep  north-eastwards  into*  that  glen, 
and  continue  very  distinctly  marked  throughout  all  their  bend- 
ings,  in  their  progress  upwards.  Indeed  there  is  nowhere  a 
more  favourable  view  of  the  shelves  of  Glen  Roy,  than  is  en- 
joyed from  this  Gap.  (see  Plate  IV.  which  was  sketched  from 
this  point).  Proceeding  to  trace  shelf  3d  and  shelf  2d,  up  the 
nortlwwest  side  of  Glen  Roy,  they  are  found  to  turn  north- 
wards into  Glen  Turret,  and  to  run  around  all  the  sinuosities 
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<>f  that  tributary  valley ;  but  as  I  mean  to  allot  a  particular  and 
distinct  description  to  that  glen,  I  shall  take  up  these  shelver 
at  present  where  they  return  from  Glen  Turret,  sweeping^ 
boldly  ahd  distinctly  around  the  southern  side  of  the  moun- 
tain of  Tom-Bhran.  The  side  of  that  hill  which  flanks  Glen 
Roy,  being  very  rocky,  they  are  to  be  traced,  but  faintly, 
along  its  face,  until  they  come  opposite  to  the  isolated  crag 
that  forms  the  boundary  of  division  between  Lower  and  Up- 
per Glen  Roy.  Here  these  two  shelves,  which  have  hitherto 
kept  compahy  with  one  another,  are  now  separated.  Shelf  3d 
being  of  a  level  considerably  below  that  of  the  crag,  or  rather 
below  that  of  the  upper  parts  of  the  bottoms  of  the  ravines  on 
each  side  of  it,  and  being  thus  prevented  from  passing 
through  them,  and  continuing  onwards,  at  the  same  level 
it  has  hitherto  preserved,  winds  very  indistinctly  amongst 
the  hollows  of  the  rocks,  and  along,  the  rugged  face  of  the 
isolated  boundary,  and  is  then  to  be  traced  returning  along 
the  south-western  hills  of  Glen .  Roy;  gaining  a  more  mark* 
ed  appearance  as  it  proceeds  down  that  side  of  the  valley. 
But  Shelf  2d,  running  on  an  elevation  superior  to  that  of 
any  part  of  the  bottoms  of  the  ravines,  is  of  course  not  ob- 
structed by  them,  but  continues  to  run  up  through  them  into 
Upper  Glen  Roy,  whilst,  at  the  same  time,  vestiges  of  it  are 
traced  about  the  top  of  the  independent  central  rock,  some 
parts  of  which  seem  to  rise  above  its  level.  An  examination 
of  the  map,  will  assist  in  enabling  the  understanding  to  follow 
out  the  intricacies  of  this  important  part  of  the  description* 
Pursuing  shelf  2d  above  the  isolated  crag,  it  is  to  be  traced 
along  near  the  bottom  of  the  mountains,  on  the  north  side 
of  Upper  Glen  Roy,  its  level  extending  as  &r  as  within  two 
hundred  yards  of  Loch  Spey.  It,  however,  requires  consider- 
able attention  to  follow  it  out  in  this  upper  valley,  as  in  most 
places  it  has  less  the  appearance  of  a  shelf  than  of  a  widened 
VOL.  IX.  p.  !•  s  inclined 
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inclined  plane,  which  uUimntely  loses  iteelf  in  the  BfMhhmow 
near  Loch  Spey.  This  moas  appears  to  be  very  deep ;  it  there- 
fore {teems  to  me  to  be  probable, thatalthou^  its  gradual  increase 
lias  raised  the  surface  in  this  place  somewhat  above  the  level  of 
Shelf  2d,  yet  if  a  body  of  water  were  raised  by  any  means  to  the 
level  of  that  shel^  and  the  stratum  of  moss  were  at  the  same  time 
to  be  removed,  a  stream  would  naturally  flow  from  it  towards 
Garvambre,  in  the  present  course  of  the  river  Spey.  The  ap- 
pearances oi  Shelf  8d,  in  its  return  down  th^  south-east  side  of 
Upper,  towards  Lower  Glen  Roy,  are  very  similar  to  what  I 
have  described  as  existing  on  the  nortb-wMt  side :  it  returns 
into  the  lower  glen  through  the  ravine  on  the  south  side  of  the 
isolated  rock. 

Let  us  now  proceed  to  consider  Glen  Turret  When  enter-^ 
ed  from  Glen  Hoy,  its  mouth  is  discovered  to  have  in  the  bot* 
torn  that  large  semicircular  inclined  plane,  which  has  been  al- 
ready described  as  an  extension  of  Shdf  4th.  The  stream  of 
the  Turret,  in  its  way  to  join  the  Roy,  cuts  through  this  vast 
bed  of  sand  and  polished  gravel  to  a  great  depth.  At  the  cot» 
tages  of  Glen  Turret,  (the  site  of  which  has  been  already  sta* 
ted  to  be  nearly  on  a  lev^l  with  Shelf  4th),  two  little  streams 
unite  to  form  the  Turret.  One  of  these  branches  comes  gent« 
ly  from  the  north,  through  the  Jow  bottom  of  the  glen  itself, 
which  here  rises  very  gradually  in  its  level ;  ilie  hills  a  little 
way  above,  expanding  into  a  considerable  circle,  around  the 
termination  of  tlie  glen»  The  otlier  branch  pours  precipitate 
ly  into  the  lower  glen,  where  the  houses  stand,  from  a  much 
mor«  elevated  valley  to  the  north-west,  marked  High  Glen  in 
the  map*  Proceeding  to  trace  this  atream  upwards  from  the 
houses,  it  is  found  to  exhibit  a  continued  series  of  cascades, 
particularly  at  the  top  of  this  the  precipitous  part  of  its  course, 
whore  it  leaves  the  mQre  level  bottom  of  the  High  Glen^  hj 
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Mling  at  cmie  fifleen  or  twenty  feet  This,  as  will  be  seen  by 
refermce  to  the  nutp,  is  the  very  satne  High  Glen^  upon  the 
other  extremity  of  which  I  had  alr^sdy  occasion  to  toach,  in 
my  description  of  Glen  Gluoy^  where  I  mentioned  it  as  afforcU 
ing  a  vista  from  the  head  of  that  valley^  into  Glen  Roy,  through 
Glen  Turret. 

The  two  sbelvfis,  (Shelf  8d  and  Shelf  tfd),  in  winding  from 
Glen  Roy  into  the  sOuth-^estern  siile  of  Glen  Turret,  are  ex-* 
panded  on  a  wide,  and  greatly  elevated  inclined  plane^  cover^ 
ed  with  peat-mose*  Thciy  are  donsequently  indistinct  for  a 
time,  and  they  do  not  become  rety  manifest,  until  they  cross 
the  stream  coming  from  the  High  Gkn^  and  lay  hold  of  the 
steeper  hill.  They  are  then  particularly  well  defined,  and  are 
very  dearly  marked  In  their  progress  all  around  the  bendings 
of  ttie  mourttams  of  Glen  Turret,  til!  they  return  by  its  north-* 
west  side,  and  sweep  around  the  ikce  of  Tora-Bhran  into  Glen 
Hoy*  Bat  the  most  interesting  part  of  their  course  through 
Glen  Turret,  is  that  where  they  cross  the  tributary  stream,  as 
it  issues  &om  the  IRgh  Olen.  In  this  place,  Slielf  2d  is  fbnnd 
on  examination  to  touch  exactly  on  the  uppermost  waterfall, 
at  an  elevation  abottt  twelve  feet  below  that  of  Shelf  1st,  or 
the  Glen  Gluoy  Shelf.  On  tracing  up  the  course  of  the  little 
stream  above  this  waterfall,  it  is  found  to  run  through  the  bot- 
tom of  the  High  Oleuj  with  a  gentle  current,  without  creating 
any  excavation,  and  displaying  no  section,  though  the  surface 
of  the  rock  is  sometimes  descried  in  the  water.  It  may  be 
about  a  mile  from  the  highest  cascaded,  i!ipwards,  in  which  dis- 
tance it  has  an  aggregate  fall  of  about  twelve  feet.  It  seems 
to  have  its  origin,  partly  from  springs  on  the  side*  of  the  hills, 
and  partly  from  the  motsttfre  of  a  flattish  mossy  meadow, 
which  continues  ta  have  an  almost  imperceptible  rise  for  about 
one  hundred  yards,  till^  at  a  point.  Which  is  not  more  than  the 
thickness  o£  the  m<i9»  higher  than  Shelf  1st,  the  level  of  the 
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surface  sinks  suddenly  into  Glen  Gluoy.  In  order  to  have 
something  like  an  approximation  to  the  truth,  as  to  what  dif- 
ference of  level  subsisted  between  Shelf  1st  in  Glen  Gluoy, 
and  Shelf  2d  in  Glen  Turret,  I  travelled  from  the  cascade  up- 
wards, through  the  High  Glen^  measuring  as  nearly  as  I  could 
by  the  eye,  and  adding  together,  all  the  little  falls  of  the 
stream,  guessing  at  the  addition,  and  subsequent  deduction  to 
be  made  at  the, end  next  Glen  Gluoy :  the  result  which  I  had 
from  this  rude  process  was  fourteen  or  fifteen  feet  In  order  to 
make  certain  however,  of  a^  point  which  I  considered  most  ma- 
terial, I  requested  the  favour  of  my  friend  Mr  Maclean  to  re- 
visit the  ground,  for  the  purpose  of  levelling  it  properly  by 
means  of  the  instrument ;  he  was  so  kind  as  to  indulge  me,  and 
the  twelve  feet  of  difference  of  level  in  the  height  of  Shelf  1st 
above  Shelf  2d,  is  given  as  the  result  of  his  observations. 
Such,  therefore,  is  the  nature  of  the  levels  here,  that  suppo- 
sing Glen  Gluoy  to  be  filled  with  a  body  of  water  to  a  height 
equal  to  that  of  its  shelf,  and  that,  at  the  same  time,  the  thick 
stratum  of  moss  were  to  be  removed,  the  consequence  would 
be,  that  a  stream  would  be  discharged  from  it  by  the  High 
Glen^  and  over  the  cascade  into  Glen  Turret,  and  so  into  Glen 
Roy. 

Let  us  now  return  to  the  head  of  Lower  Glen  Roy,  where 
Shelf  3d  and  Shelf  2d,  having  wound  from  the  ravine  on  the  , 
south  side  of  the  isolated  rock,  run  faintly  down  the  faces  of 
the  mountains  on  the  south-west  side  of  the  glen,  gaining 
greater  distinctness  of  form  as  they  proceed.  They  become 
particularly  well  defined,  just  at/ in  the  map,  where  they  sub- 
tend the  mouth  of  Glen  Turret ;  and  in  that  part  of  the  south 
side  of  the  valley,  there  are  appearances  which  may  be  worth 
notice.  At  first  sight,  one  might  be  led  to  imagine,  that  there 
are  no  fewer  than  seven  different  stages  of  shelves  here.  A 
sketch  could  have  given  no  idea  of  these  j  but  the  diagram, 
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(Plate  VIL  fig.  6.),  may  be  of  some  use  in  helping  the  descrip* 
tion  of  them.  In  it,  the  three  uppermost  lines  represent  the 
proper  horizontal  shelves  2d,  3d,  and  4th,  whilst  all  the  others 
below  have  an  inclination  downwards  in  the  direction  of  the 
fall  of  the  glen,  and  this  inclination,  increases  in  each  succes- 
sive shelf,  in  proportion  to  its  greater  proximity  to  the  river. 
These  inclined  lines  of  shelves  can  hardly  be  said  to  be  on  the 
side  of  the  hill,  but  have  rather  the  appearance  of  a  series  of 
small  flats,  one  below  another,  between  the  hill  and  the  river. 
Shelf  2d  and  Shelf  3d,  are  to  be  traced,  as  well  as  Shelf  4th, 
with  very  little  interruption  along  the  faces  of  the  mountains 
running  down  the  south-east  side  of  Glen  Roy,  Opposite  to 
the  hill  of  Bohuntine,  the  glen  makes  a  great  bend  to  the 
south,  and  afterwards  returns  to  its  south-east  direction.  It  is 
near  to  this  point  that  the  mountains  on  the  south-east  side  of 
the  valley,  though  they  still  keep  their  roots  so  advanced  as  to 
leave  the  glen  perfectly  narrow  in  the  bottom,  yet  retreat 
backwards  above,  surrounding  and  embracing  a  Iiigh  and  very 
extensive  semicircular  plane,  apparently  covered  with  a  peat- 
moss J  but  soon  afterwards  they  again  advance  in  some  degree, 
and  at  last  finally  terminate  in  the  rocky  prominent  hill  of 
Craig-dhu,  which  forms  the  more  elevated  part  of  the  division 
between  the  mouths  of  Glen  Roy  and  Glen  Spean.  Shelf  2d 
and  Shelf  3d,  being  both  of  elevation  superior  to  that  of  the 
bottom  of  the  high  plane,  naturally  bend  away  from  Glen  Roy, 
in  a  manner  somewhat  similar  to  that  in  which  they  run  into 
the  Gap  of  Glen  Collarig,  and  winding  around  the  amphi- 
theatre of  hills,  and  returning  with  them  again,  all  traces  of 
Shelf  2d  are  suddenly  lost,  nearly  opposite  to  the  point  where 
it  begins  on  the  south-east  side  of  the  hill  of  Bohuntine. 
Shelf  3d  runs  on  a  little  farther,  to  the  rocky  angle  of  Craig- 
^hn,  where  it  likewise  is  abruptly  terminated,  also  opposite  tp 
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the  spot  where  it  is .  first  observed  on  the  hill  of  Bohimtlne. 
Neither  of  these  shelves  are  ever  met  with  afterwards,  in  mtj 
glen  below  these  points  of  termination.  Shelf  4th,  which  is  at 
an  elevation  below  that  of  the  high  scroicircular  plane  just  men* 
tioned,  does  not  bend  into  it  like  the  other  twa ;  but  the  hills 
nearest  the  river  beginning  now  to  sink  in  height,  it  continues 
to  run  in  a  more  direct  sweep  towards  the  foot  of  Crafig-dhu. 
From  the  base  of  this  more  retired,  and  more  elevated  hill,  an 
^parently  mossy,  and  considerablj  inclined  plane,  stretches 
for  half  a  mile  in  a  south-west  direction,  towards  the  point  of 
junction  of  the  rivers  Roy  and  Spean.  Bat  just  above  the 
spot  where  these  streams  unite,  this  plane  again  rises  into  the 
circular  and  isolated  rock  called  Meaiderrtfy  which  is  particu- 
larly laid  down  in  the  map,  and  which  may  be  easily  recogni- 
sed in  Plate  11.  as  being  near  the  eye,  and  just  beyond  the 
motith  of  the  valley  o^  Glea  Spean.  Shelf  4th,  as  it  sweeps 
from  Glen  Hoy  around  the  base  of  Craig-dhu  into  Glen  l^pean, 
applies  exactly  in  level  to  the  upper  line  of  the  inclined  mossy 
plane,  lying  between  Craig-dhu  and  Mealderry;  and  the  top 
of  the  isolated  rock  of  Me^derry,  rising  som:ewhat  abov^  this 
level,  is  surrounded  by  a  partial  delineation^  of  what  the  level- 
Kng  instrument  proves  to  be  an  independent  portion  of  the  same 
uhelf. 

Although  Craig-dhu,  which  may  be  properly  considered  as 
the  mountain  dividing  Glens  Roy  and  Spean  from  one  another, 
thus  appears  to  retreat  backwards  above,  from  the  actual  point 
where  the  rivers  meet,  yet  the  entrance  of  Glen  Spean  is  very 
xtiach  confiined,  by  the  advance  of  the  lower  rock  of  Mealder- 
ry,  on  the  north  side  of  the  valley,  towards  the  base  of  the 
ttlomitaiti  on  the  south  side.  These  come  bending  from  Ao- 
niichmore,  a  mountain  of  the  Ben  Nevis  groupe,  and  making  a 
vast  sweep  around  the  great  hollow  basin,  in  the  country  be- 
low 
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k>w  the  junction  of  the  Hoy  «nd  Spean,  push  their  roots  into 
the  very  bed  of  the  latter  river,  just  above  the  House  of  Inch. 
From  hence  they  run  westward  up  the  glen,  forming  its  south 
side,  with  a  straight  and  highly  inclined  face.  The  side  of 
the  mountain  Craignllu],  constituting  the  north  wall  of  Glen 
Spean,  has  a  front  m  even  and  as  steep,  as  that  of  those  oppo<* 
site  to  it.  Just  above  the  narrow  entrance  of  the  ^en^  the 
hills  on  each  side  of  the  valley  ore  about  half  a  mile  asunder ; 
but  some  miles  ferther  up,  they  begin  to  recede  greatly  from 
one  another,  and  they  seem  to  sink  in  their  elevation  as  the 
bottom  of  the  valley  rises.  The  whole  length  of  Glen  Spean, 
from  Inch  to  the  Pass  of  Muckul,  is  about  twenty  miles.  This 
pass,  ajObrding  mi  opening  between  Glean  Spean  and  the  Val- 
ley of  the  Spey,  is  the  summit  level  between  tliem.  Although 
it  is  not  productive  of  any  streams,  it  disparts  the  waters  that 
nm  to  the  eastern  and  western  seas ;  and  yet  the  highest  part 
of  its  bottom,  is  only  elevxited  a  few  feet  above  the  present  le^ 
vel  of  Loch  La^an.  By  a  reference  to  the  map,  it  will  be 
seen^  that  die  river  Pattaig,  after  issuing  from  its  loch,  has  a 
directly  north-east  direction,  as  if  it  were  about  to  run  towards 
the  river  Spey,  which  is  certainly  its  most  natural  course ;  but 
just  before  coming  upon  the  bottom  of  the  Pass  of  Muckul,  it 
meets  with  the  rock  laid  down  in  the  ms^,  whicli  compels  it  to 
make  a  sudden  and  capricious  bend  to  the  west,  at  a  very  acute 
angle  to  its  former  line,  and  after  a  slow  run  of  somewhat 
more  than  two  miles,  a  considerable  part  of  which  is  na^ 
vigable  by  a  boat,  it  empties  itself  into  the  upper  end  of 
Loch  Laggan.  This  lake  is  eight  or  nine  miles  in  length. 
On  the  north  side,  the  mountains  are  partly  of  gentle  acclivi- 
ty, but  in  some  places,  they  rise  almost  perpendiculariy  to  a 
very  considerable  height  Although  those  on  (iie  south  side 
aK  of  inconsiderable  elevation,  yet  they  are  bold  and  rocky  to 

the 


Digitized  by  VnOOQlC 


40  ON  THE  PARALLEL  ROADS 

the  water's  edge ;  and,  indeed,  the  whole  shores  of  the  lake 
may  be  in  general  called  rocky.  There  is  a  good  deal  of  wood 
Upon  both  shores.  The  river  Spean,  which  issues  from  the 
western  extremity  of  Loch  Laggan,  runs  slowly  and  smoothly 
for  about  two  miles,  cutting  its  course  through  flats  of  deep 
alluvial  earth  and  clay,  and  rarely  exhibiting  any  rock.  The 
Spean,  in  its  progress  downwards,  receives  the  Gulbean  water, 
which  enters  it  from  the  south ;  and,  at  about  four  or  five  milet^ 
above  the  House  of  Inch,  it  is  joined  by  the  river  Treig,  which 
has  a  run  of  nearly  two  miles  from  its  lake  lying  to  the  south, 
the  valley  of  the  Spean  being  here  of  vfery  considerable 
breadth. 

The  opening  into  the  north  end  of  Loch  Treig  is  very  ro- 
mantic, being  reduced  to  a  narrow  but  grand  pass,  by  the  ad-^ 
Tance  of  the  mountains  on  each  side,  which  present  two  lofty 
and  rocky  fronts,  guarding  its  entrance,  (see  Plate  VL),  from 
which  the  lake  expands,  as  it  extends  in  a  direction  a  little  to 
the  west  of  south.  The  shores  of  Loch  Treig  are  in  general 
bold  and  rocky,  having  their  woods  of  birch-trees  scattered 
over  them.  Immediately  opposite  to,  and  to  the  north  of  die 
narrow  outlet  of  Loch  Treig,  there  is  a  very  singular,  round, 
isolated  little  hill,  with  a  flattish  rocky  summit  This  is  laid 
down  in  the  map,  and  13  called  Tom-na-Fersit.  After  leaving 
&e  lake,  the  river  Treig,  winding  amongst  hillocks,  rushes  vio- 
lently over  the  rocks  which  it  exposes  in  its  progress,  and  as 
it  approaches  the  point  of  junction  with  th^  river  Spean,  its 
bed  becomes  deepened  into  a  ravine,  and  it  is  projected  over 
several  falls* 

Proceeding  to  trace  the  river  Spean  downwards,  after  its 
union  with  the  river  Treig,  its  course  will  be  found  extremely 
interesting ;  for  it  is  not  only  bounded,  on  the  great  scale,  by 
the  mountains  forming  the  proper  walls  of  the  glen,  at  some 
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distance,  but  it  has  also,  mucii  nearer  to  its  bed,  a  second  and 
interior  bounding  enclosure,  consisting  of  a  line  of  banks  on 
each  side,  flattish,  and  rather  plain  above,  but  having  steep 
and  abrupt,  though  perfectly  smooth  faces,  towards  the  level 
bottom  in  which  the  river  runs.  These  banks  seem  to  be 
chiefly  formed  of  alluvial  matters.  They  appear  immediately 
below  the  junction  of  the  river  Treig,  whence  they  sweep  with 
various  bendings,  sometimes  at  a  greater,  and  sometimes  at  a 
lesser  distance  from  the  Spean,  enclosing  a  beautiful  narrow  plain 
about  a  mile  in  length,  through  which  the  stream  flows  gently 
over  a  gravelly  bottom.  This  plain  is  suddenly  shut  in  at 
the  lower  end,  by  the  close  approach  of  these  banks  on  both 
sides.  Here  the  river,  suddenly  altering  its  character,  pours 
itself  into  a  deep  ravine,  which  it  seems  to  have  worn  through 
a  rocky  neck  of  about  five  hundred  yards  in  thickness,  where 
it  is  heard  roaring  along  in  a  series  of  cataracts,  of  which  the 
great  waterfall  of  Tulloch  forms  the  grandest  specimen. .  The 
stream  has  no  sooner  effected  this  turbulent  passage,  than  it 
enters  a  second  beautiful  and  level  plain,  about  two  miles 
long,  and  bounded  on  the  sides  by  a  similar  series  of  banks. 
Through  this  it  again  flows  with  perfect  placidity,  until,  by  a 
second  approach  of  the  sides  to  one  another,  at  a  point  a  little 
above  what  I  have  called  the  Mouth  of  Glen  Speatiy  the  tran* 
quillity  of  the  river  is  a  second  time  interrupted  by  another 
rocky  neck,  like  that  1  have  just  described.  Here  it  again 
forms  into  an  abyss,  of  the  same  depth  and  appearance  as  the 
former,  where,  besides  being  hurried  over  a  number  of  lesser 
cascades,  it  is  precipitated  over  the  fall  of  Munessie,  equal  in 
grandeur  to  that  of  Tulloch.  These  two  necks  of  rock,  through 
which  the  Spean  has  thus  cut  its  way,  are  both  called  in  Gae- 
lic Kenmuir^  which  signifies,  the  End  of  the  Lake.  Escaping 
from  the  gloomy  and  overhanging  rocks  of  this  second  deep 
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and  narrow  ravine,  the  river  again  puts  on  the  peaceful  charac- 
ter, and  flows  in  a  broad  channel  through  the  Meadows  of 
Inch.  After  its  union  with  the  Roy,  it  proceeds,  (as  I  have 
already  noticed),  across  a  hollow  and  shelving  basin  in  the 
open  country,  somewhat  more  than  two  miles  in  extent,  till 
the  banks  again  approaching,  and  closing  in  on  the  river,  it  a 
third  time,  and  on  a  still  more  magnificent  scale,  exhibits  the 
deep  ravine,  and  the  waterfalls  and  rapids,  which  so  often  ar- 
rest the  attention  of  the  traveller  who  crosses  it  at  High- 
bridge.  The  shores  of  these  three  successive  minor  valleys, 
which  may  be  said  to  be  included  in  the  larger,  are  what  I  have 
numbered  5,  6,  and  7  in  the  map. 

I  must  now,  again,  take  up  the  consideration  of  the  course 
of  Shelf  4th,  which  having  wound  from  Glen  Roy  around  the 
base  of  the  hill  of  Crag-dhu,  stretdies  very  distinctly  up  the 
smooth  and  even  faces  of  the  mountains  on  the  north  side  of 
Glen  Spean,  the  bottom  of  the  valley  rising  towards  it  as  it 
proceeds,  until  at  last  it  approaches  so  near  to  it  in  eleva- 
tion, that  the  Engineer  of  the  Parliamentary  Commissioners 
has  actually  availed  himself  of  the  line  of  shelf,  to  construct 
on  it  a  part  of  the  great  new  Loch  Laggan  Road.  As  the  shelf 
approaches  within  two  miles  of  Loch  Laggan,  it  begins  to  be 
identified  with  the  upper  bounding  line  of  the  flats  of  deep  al- 
luvial earth  and  clay,  through  which  the  river  Spean  flows 
from  the  lake.  It  is  then  to  be  traced  all  up  the  north  shore 
of  Loch  Laggan,  being  only  a  few  feet  abovfe  the  level  of  its 
water,  and  in  most  places  only  a  few  yards  from  its  margin  ; 
and  running  along  the  banks  of  the  river  Pattaig  for  about  two 
miles,  it  crosses  that  river  at  Muckul,  on  a  level  equal  to  that 
of  the  summit-level  of  the  bottom  of  that  pass,  and  in  such  a 
manner,  that  it  is  evident,  if  a  body  of  water  were  raised  to  the 
leyel  of  the  shelf,  a  stream  would  run  from  it,  through  the  Pass  of 
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Muckul,  towards  the  river  Spey.  Returning  down  the  south 
bank  of  the  Pattaig,  Shelf  4th  is  to  be  traced  all  around  the 
south  side  of  Loch  Laggan  ;  and  it  exhibits  nearly  the  same 
appearances  on  the  south  side  of  the  river  Spean,  that  I  have 
already  described  it  to  do  on  the  north  side.  As  it  approaches 
the  river  Treig,  it  sweeps  round  in  the  direction  of  the  mouth 
of  the  glen  and  lake  of  that  name,  where,  notwithstanding  the 
rocky  nature  of  the  mountains,  it  is  found  to  be  very  deeply 
marked.  It  enters  the  jaws  of  the  pass  into  Loch  Treig  in  the 
manner  represented  in  Plate  VL 

By  far  the  most  satisfactory  and  perfect  example,  of  any 
shelf  completely  surrounding  the  top  of  a  hill,  is  to  be  obser- 
ved on  the  isolated  one  of  Tom-na-Fersit,  immediately  oppo- 
site to  the  opening  into  Loch  Treig.  Shelf  4th  is  most  dis- 
tinctly  and  broadly  traced  around  it,  at  the  same  level  that  it 
appears  on  the  rocks  where  it  enters  to  Loch  Treig^  And 
what  is  still  more  worthy  of  remark,  the  little  hill,  having  a  se- 
cond and  inferior  rocky  top,  rising  above  the  level  of  the  shelf, 
it  is  perfectly  surrounded  also,  and  detached  from  the  princi- 
pal summit,  so  as  to  give  this  portion  of  shelf,  which  belongs 
independently  to  Tom-na-Fersit,  the  appearance  laid  down  in 
the  map,  or  to  shew  it  on  a  larger  scale,  something  like  this : 


A  and  B  being  the  two  tops  of  the  hill  rising  out  of  the  sur- 
rounding shelf.  The  rocks  on  the  interior  angle  of  the  sheli^ 
are  here  particularly  rounded,  and  have  all  the  characters  of 
4liose  bounding  the  edge  of  low  and  rocky  islands,  frequetatly 
met  with  in  Highland  lakes.     Where  the  smaller  top  is  divid- 
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ed  from  the  larger,  a  peat-moss  has  been  formed,  though  the 
comparativelj  trifling  surface  exhibited  by  the  whole  of  the 
elevated  and  rather  rounded  top  of  this  isolated  hill,  is  cer« 
tainly  a  situation  where  such  a  deposit  is  hardly  to  be  looked 
for. 

I  The  numerous  torrents  that  pour  down  the  sides  of  the 
mountains  of  Loch  Treig,  have  very  much  defaced  the  course 
of  Shelf  4th  around  that  lake.  Although  very  distinctly  seen 
at  its  northern  end,  it  is  but  faintly  traced  dong  its  eastern 
side.  It  is  to  be  observed  at  the  southern  extremity,  and  ap* 
pears  very  visible  on  the  western  side,  where  it  leads  back  and 
winds  again  into  Glen  Spean. 

After  leaving  the  mouth  of  Loch  Treig,  Shelf  4th  is  easily 
traced  alon^  the  hills  on  the  southern  side  of  Glen  Spean.  It 
appears  particularly  well  marked  on  the  even  faees  of  the 
mountains,  for  a  long  way  before  it  comes  to  what  may  be 
called  the  Mouth  of  the  glen ;  and  just  above  the  House  of 
Inch,  it  sweeps  away  in  company  with  the  receding  moun* 
tains,  where,  though  faint,  it  is  easily  followed^  to  a  ravine 
called  Corr-a'Clokhlich^  whence  I  thought  I  could  even  trace 
it,  though  with  some  little  difficulty,  through  an  opening  in  a 
thin  birch  wood,  on  the  side  of  Aonach-more,  nearly  as  &r  as 
the  projection  of  that  mountain,  where  all  appearances  of  it^ 
are  finally  lost.  The  projection  to  which  I  allude  here,  is  the 
same  which,  as  I  formerly  remarked,  is  met  by  a  semicircular 
range  of  little  eminences,  forming  a  kind  of  elevated  moor, 
sweeping  towards  it  from  Highbridge,  and  enclosing  what  I 
have  called  the  Basin^  in  the  open  country  of  the  Spean.  This 
moor  rises  nearly  to  the  level  of  Shelf  4th,  and  some  of  its 
more  elevated  points  seem  even  to  rise  above  it.  These  last 
observations  will  be  found  to  be  extremely  important  in  the 
theory  whidi  it  is  now  my  intention  to  propose. 
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Particular  Theory  of  the  Causes  xvhich  may  he  supposed  to  have 
operated  in  producing  the  Shelves  in  the  Glens  of  Lochaber.  ' 

Although  it  appears  to  me,  that  no  one  can  examine  even 
a  portion  of  these  shelves  with  attention,  without  ascribing 
them  to  an  aqueous  origin,  and  without  being  likewise  perfect- 
ly satisfied,  that  they  were  formed  by  the  level  waters  of  lakes, 
yet  I  have  been  taught  by  experience,  that  it  is  impossible  to 
go  farther  in  speculation,  without  a  thorough  knowledge  of  all 
the  glens,  as  well  as  of  every  part  of  the  tortuous  course  of 
the  linear  appearances  to  be  found  in  them.  Almost  every  step 
I  took  in  this  interesting  investigation,  seemed  to  lead  to  some 
new  conclusion,  as  to  what  was  the  probable  topography  of  the 
ancient  lakes ;  and  It  was  not  until  I  had  collected  all  those 
facts  which  I  have  stated  in  the  foregoing  pages,  in  what  1 
fear  will  be  considered  as  rather  tedious  detail,  that  any  thing 
resembling  a  satisfactory  theory  of  their  distribution,  sliape, 
extent,  and  final  evacuation,  suggested  itself  to  me.  This  I  now 
venture  to  lay  before  the  Society,  trusting  to  its  indulgence. 

It  appears  that  Glen  Gluoy  possesses  Slielf  1st,  which  is  the 
highest  of  all ;  and  that  it  is  to  be  found  in  no  other  glen. 
From  this  I  would  infer,  that  Glen  Gluoy  was  at  one  period 
an  independent  lake,  having  a  level  higher  than  any  of  the 
others  in  its  vicinity.  The  next  two  shelves  in  elevation, 
whfch  are  Shelf  2d  and  Shelf  3d,  are  confined  entirely  to  Glen 
Roy,  and  its  smaller  tributary  glens ;  and  are  found  to  run 
down  and  terminate,  nearly  together,  in  the  Gap  of  Glen  Col- 
larig,  on  the  north  side,  and  in  the  mouth  of  Glen  Roy  on  the 
south  side  of  the  round  hill  of  Bohuntine,.  as  represented  in 
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the  map,  or  perhaps  more  satisfactorily  in  the  following  dia- 
gram, in  which  Shelves  2d  and  3d  alone  are  marked. 


and  where  A  is  the  Cap  of  Glen  Collarig,  B  the  hill  of  Bo- 
huntine,  C  the  mouth  of  Glen  Roy,  and  D  the  angle  of  thb 
mountain  Crag-dhu.  From  these  facts  it  would  seem,  that 
Glen  Roy  must  have  been  for  some  time  an  independent  lake 
also,  having  its  south-west  extremity  situated  somewhere  near 
the  hill  of  Bohuntine,  where  it  must  have  terminated  in  two 
bays,  one  on  each  side  of  that  round  hill.  And  as  we  see  that 
there  are  two  shelves  of  different  elevations,  which  are  the  pro- 
perty of  Glen  Roy  alone,  it  is  equally  evident,  that  its  lake  must 
have  once  existed  for  a  time  at  the  level  of  Shelf  2d,  and  must 
have  afterwards  subsided  to  that  of  Shelf  3d.  But  we  find  that 
Shelf  4th  is  common  to  both  Glen  Roy  and  Glen  Spean ;  con- 
sequently this  implies  a  second  subsidenpe  of  the  Glen  Roy 
lake,  reducing  it  to  the  same  level,  and  making  it  a  portion  of 
a  lake  which  must  have  pre-existed  in  Glen  Spean.  In  the 
primary  state  of  things  therefore,  we  find  an  independent  lake 
in  Glen  Gluoy,  which  may  be  called  Loch  Gloy ;  another  in 
Glen  Roy,  at  a  level  about  twelve  feet  below  that  of  Loch 
Gluoy,  which  may  be  called  Loch  Roy ;  and  a  third,  covering 
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the  whole  of  Glen  Spean,  Loch  Laggan,  and  Loch  Treig,  at  a 
level  about  two  hundred  and  eighty  feet  below  that  of  the  pri- 
mary state  of  Loch  Roy,  to  which  the  name  of  Loch  Spean  may 
be  given.  As  each  of  the  different  shelves  may  be  traced 
around  and  across,  at  some  point  lying  towards  what  is  now 
the  upper  extremities  of  these  valleys,  whilst  they  appear  in 
every  instance  to  be  suddenly  broken  off,  at  what  is  at  present 
their  lower  ends^  or  mouths  ;  it  follows,  that  if  there  ever  were 
any  barriers,  to  keep  these  several  lakes  up  to  their  level,  they 
must  have  existed  somewhere  about  what  are  now  the  lower 
ends  of  the  present  valleys. — Having  made  these  general  re- 
marks, it  will  now  be  proper  to  consider,  what  were  the  boun- 
daries and  outlets  of  these  respective  lakes  ;  and,  in  doing  this, 
we  shall  begin  with  Loch  Gloy. 

The  shelf  which  appears  to  indicate  the  former  existence  of 
this  lake,  is  found  on  the  north-west  side,  some  little  way 
above  the  present  entrance  of  the  glen.  This  entitles  us  to 
suppose,  that  the  lake  at  least  occupied  the  extent  of  the  glen, 
from  this  point  upwards,  as  far  as  the  present  head  of  it,  where 
the  shelf  is  seen  to  sweep  round,  in  order  to  return.  But  I 
trust  it  has  already  appeared  to  be  evident,  from  the  descrip- 
tion I  have  given,  that  when  the  water  in  Glen  Gluoy  was  fill- 
ed up  to  what  is  its  present  line  of  shelf,  it  must  have 
run  by  a  natural  channel  towards  Glen  Turret,  by  what 
I  have  denominated  the  High  Glen^  (for  which  see  the 
map).  To  produce  this  effect,  however,  an  immense  bul- 
wark or  barrier  would  be  required,  at  what  is  now  the 
mouth  of  Glen  Gluoy,  which  would  in  that  case  become 
the  head  of  the  lake.  Let  us,  in  the  meanwhile,  take  it 
for  granted,  that  some  such  bulwark  did  exist;  at,  or  near 
to  I^owbridge,  and  then  it  would  follow,  that  what  is  now 
the  upper  end  of  the  G/en,  must  have  been  then  the  low- 
er end  of  tha  Loch  Gluoy,  from  whence  the  river  Gluoy 
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would  naturally  issue,  and  whence  it  would  run  by.  a  gentle 
course  through  the  High  Glen^  into  that  bay  of  Loch  Roy 
which  is  now  Glen  Turret,  and  which,  in  this  view  of  the  mat- 
ter, we  must  call  the  Bai/  of  Turret 

Let  us  now  consider  what  was  the  state  of  Loch  Roy  when 
at  its  highest  level.  A  glance  at  the  map  will  show,  that  the 
south-eastern  extremity  of  its  present  glen,  must  have  been 
shut  in  by  two  barriers,  or  rather  two  portions  of  one  great 
barrier,  of  which  the  round  hill  of  Bohuntine  formed  the  central 
part,  and  of  which  also  Mealderry  might,  or  might  not,  have 
constituted  a  fragment.  This  barrier  then,  must  have  run  in 
a  semicircular  manner,  from  tlie  projecting  angle  of  Crag-dhu 
on  the  east,  towards  the  south-eastern  side  of  the  roundish  hill 
of  Bohuntine ;  and  must  again  have  extended  itself  from  the 
western  side  of  that  hill,  across  Glen  Collarig,  so  as  to4)e  joined 
to  the  faces  of  the  mountains  in  the  northern  angle  of  that 
little  valley,  and  having  the  Gap  on  its  eastern,  and  Glen  Col- 
larig on  its  western  side.  The  supposition,  with  regard  to  this 
barrier,  is  founded  on  the  consideration,  that  it  could  not  have 
been  higher  up  the  glen,  since  it  must  have  been  lower  down 
than  the  points,  where  the  shelves  indicating  the  existence  of 
the  independent  Loch  Roy  are  abruptly  broken  off;  and  it  is 
not  so  probable,  that  it  could  have  been  much  lower  down 
than  this,  since  neither  Shelf  2d  nor  Shelf  3d,  are  ever  again 
met  with,  after  they  disappear  thus  suddenly.  Moreover,  we 
cannot  go  farther  to  the  south-westward,  without  interfering 
with  what  must  have  been  Loch  Spean, — ^and  then,  from  the 
inspection  of  the  ground  itself,  this  appears  to  be  by  far  the 
most  natural  and  probable  position  for  such  a  barrier,  of  which 
the  very  shape  of  tlie  rounded  hill  of  Bohuntine,  seems  to  tes- 
tisfy,  that  it  formed  a  part  But  at  the  tim  ewhen  this  barrier 
existed,  this   southern  end  of  Loch   Roy  must  have  been 
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its  upper  extremity,  from  whence  the  surface  of  the  lake 
extended  all  the  way  to  the  mossy  ground  within  a  few  yards 
of  Loch  Spey,  where  we  have  seen  that  Shelf  2d  is  identified 
with  the  flat,  in  such  a  manner,  as  in  my  opinion  to  warrant 
the  conclusion,  that  the  primary  Loch  Roy  discharged  its 
own  waters,  and  those  it  received  from  the  tributary  Loch 
Gluoy,  down  through  the  hollow  of  the  present  course  of  the 
river  Spey,  by  Garvamore,  to  the  German  or  Eastern  Sea. 
In  this  state  of  matters,  the  boundary  rock  between  upper  and 
lower  Glen  Roy,  some  portions  of  the  top  of  which  seem  to 
rise  a  little  above  the  level  of  Shelf  2d,  and  around  whicli 
there  is  a  partial  delineation  of  it,  was  probably  a  very  low, 
rocky,  and  perhaps  broken  island ;  and  what  is  now  Glen  Tur- 
ret, must  have  been  a  large  bay,  having  two  smaller  ones  in- 
cluded in  its  interior.  The  Gap, — the  mouth  of  Glen  Roy, — 
and  the  high  plane  to  the  north  of  the  projection  of  Craig- 
dhu,  must  then  also  have  formed  three  considerable  bays. 

I  shall  now  leave  Loch  Roy  in  its  primitive  state,  in  order 
to  take  a  view  of  the  boundaries  and  barriers  of  that  of  Loch 
Spean.  In  doing  this,  I  must  entreat  attention  to  the  state  of 
appearances  in  that  part  of  the  mutual  valley  of  the  Roy  and 
Spean  united,  which  crosses  in  a  semicircular  line,  from  the 
south-western  corner  of  Ben-y-vaan  on  the  one  hand,  to  the 
northern  projecting  point  of  Aonach-more  on  the  other. 
From  the  same  species  of  reasoning  which  I  employed  to  esta- 
blish the  barrier  of  Loch  Roy,  it  appears  evident,  that  the  bar- 
rier of  Loch  Spean,  could  not  have  existed  above  the  semi- 
circular  line  I  have  just  described,  since  the  two  abrupt 
ends  of  Shelf  4th,  indicating  the  former  existence  of  Loch 
Spean,  come,  if  not  quite  up  to  the  two  extreme  points  of  it, 
at  least  to  within  a  very  short  distance  of  them  j  nor  is  it  to 
be  supposed,  that  this  barrier  could  have  been  much  to  the 
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south-west  of  these  points,  since  not  the  slightest  vestige  of 
Shelf  4th,  has  been  discovered  any  where  in  that  direction. 
But  as,  in  the  case  of  Loch  Roy,  this  also  actually  appears  on  an 
examination  of  the  ground,  to  be  by  far  the  most  natural  and 
probable  position  for  the  barrier  of  Loch  Spean,  since  the  se- 
micircular range  of  little  hills,  or  what  I  have  called  the  elevar- 
ted  moM*,  which  exactly  follows  the  supposed  semicircular 
line  I  have  sketched  out,  rises  even  now,  nearly,  mid  I  believe 
in  some  places  entirely,  to  the  level  of  Shelf  4th,  so  that  if  the 
ravine  at  Highbridge  were  closed  up,  and  the  deficiencies  in  the 
elevated  moor  supplied,  the  perfect  barrier  for  the  confine^ 
ment  of  the  water  of  Loch  Spean,  would  be  reproduced,     I 
say  the  perfect  barrier, — ^because  I  believe  that  the  lake  had 
no  outlet  here  at  all,  but  that  this  was  its  upper  end,  and  that 
as  in  the  other  cases,  the  former  loch  and  the  present  valley 
have  changed  extremities.     The  primary  Loch  Spean,  then,, 
must  have  stretched  from  a  point  a  little  above  Highbridge^ 
all  the  way  to  the  summit-level  of  the  bottom  of  the  Pass  of 
Muckul,  a  distance  of  not  less  than  twenty-four  miles.     There 
the  level  of  Shelf  4th  sufficiently  shows,  that  the  surface  of  the 
lake  had  such  a  relation  to  the  ground  at  that  end  of  it,  that 
it  must  have  dbcharged  the  River   Spean  (or  Little  Spej/j, 
for  such  is  the  interpretation  of  its  name),  through  the  Pasa 
of  Muckul,  by  a  straight  and  natural   course,  carrying  U 
to  direct  union  with  the  Spey,  which  at  that  time  brought 
along  with  it  the  Gluoy  and  the  Roy,  in  addition  to  the 
waters  supplied  by  its  present  source.     Whilst  matters  were 
in  this  situation,  the  river  Pattaig  must  have  entered  near 
the  eastern  end  of  the  lake,  to  be  immediately  afterwards  dis- 
dbarged  by  it  through  the  Pass,  along  with  the  rest  of  the  wa- 
ter passing  from  Loch  Spean,  and  in  a  course  much  more  na^ 
tural  to  it  than  that  in  which  it  now  runs.     Loch  Treig  must 
then  have  been  a  great  southern  limb  of  Loch  Spean,  and  the 
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lops  of  the  little  hill  of  Tom-na-Fersit  must  have  formed  two 
small  islands ;  and  it  would  depend  upon  the  circumstance, 
vidiether  Mealderry  was,  or  was  not,  a  portion  of  the  Loch 
Roy  barrier,  (which,  by  the  bye,  I  am  rather  inclined  to  think 
it  was  not,)  whether  its  top  was  also  an  island  in  the  primary 
or  independent  state  of  Loch  Spean,  or  whether  it  only  be- 
came so  afterwards*  A  refereiice  to  Plate  VIII.  fig.  1.  will 
^Kpkin  what  I  suppose  to  have  been  the  primitive  state  of 
Lochs  Gluoy,  Roy,  apd  Spean.  I  conceive  that  Loch  Gluoy 
always  remwied  an  independent  lake  up  to  the  period  of  its 
final  evacuf^ion :  but  it  is  evident,  that  some  intermediate 
changes  took  place  as  to  the  circumstances  of  the  other  two 
lakes ;  and  these  will  now  fall  to  be  considered. 

I  believe  it  will  be  readily  admitted,  that  it  is  much  easier 
to  suppose  the  existence  of  former  barriers,  than  to  discover 
the  means  which  c^erated  in  their  removal ;  but  it  must  be  al- 
ao  granted,  that  the  difficulty  of  accounting  for  the  destruction 
of  such  large  masses,  does  not  by  any  means  imply  that  they 
never  had  any  being  at  all,  particularly  where  a  number  of 
facts  remain  to  lead  us  to  an  opposite  conclusion.  From  all 
the  present  appearances,  it  is  extremely  probable,  that  the  bar- 
rier of  Lioch  Roy,  was  not  only  very  thin,  but  of  soft  materials, 
at  the  two  parts  which  have  been  removed.  When  we  consi- 
der in  addition  to  these  circumstances,  that  the  level  of  Loch 
Roy  was  about  two  hundred  and  eighty  feet  above  that  of 
Loch  Spean,  and  that,  consequently,  the  pressure  against  this 
weak  barrier  must  have  been  very  great,  it  will  not  ap- 
pear by  any  means  very  improbable,  that  some  partial  rup- 
ture may  have  taken  place  at  one,  or  perhaps  both  of  the  nar- 
row necks  A  and  £f,  Plate  VIII.  fig.  1.,  so  as  suddenly  to  re* 
duce  the  level  of  Loch  Roy  to  Shelf  Sd,  where  it  continued  to 
remain  for  some  time.    It  is  proper  to  remark  here,  what  I 
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trust  will  appear  sufficiently  evident,  if  the  explanatory  dio^ 
gram  I  have  employed,  Plate  VII.  fig,  5.  be  examined,  that 
the  operation  of  the  waves  of  a  lake,  in  eating  out  a  shelf  on 
the  side  of  a  mountain,  will  be  much  more  powerful  when  the 
surface  of  the  mountain  is  yet  entire,  than  it  will  continue  to 
be  afterwards,  when  a  certain  proportion  of  slewing  beach  has 
been  formed,  over  which  it  may  in  some  d^ee  waste  the  f\i* 
ry  of  its  waves.  We  see  that  the  natural  shelves  now  existing 
around  the  borders  of  our  Highland  lakes,  do  not  ^pear  to 
have  been  very  much,  if  at  all  increased,  beyond  the  breadth 
of  those  remaining  from  the  lakes  which  we  suppose  to  have 
been  emptied  at  so  very  remote  a  period.  The  depth,  there* 
fore,  of  the  indentation  of  a  shelf,  does  not  form  any  criterion 
whereby  we  may  Judge  of  the  length  of  time  expended  in  its 
formation.  Shelf  4th  furnishes  an  excellent  example  of  this 
observation,  for  it  is  as  deeply  indented,  and  as  wdl  defined^ 
in  many  parts  of  Glen  Roy,  as  it  is  any  where  in  Glean  Spean, 
although  it  is  evident,  that  the  lake  which  formed  it,  musk 
have  existed  much  longer  in  the  latter  glen  than  it  did  in  the 
former.  It  does  not  therefore  i^pear  to  be  absolutely  neces- 
sary, that  Loch  Roy  should  have  remained  long  at  the  level  of 
Shelf  3d,  before  its  second  subsidence  took  place;  but  it  is  not 
very  material  to  the  theory  whether  it  did  so  or  not  It  is 
evident,  that  one  material  change  must  have  taken  place  in  it^ 
in  consequence  of  the  sudden  fall  of  its  level.  The  whole  ex- 
tent of  Upper  Glen  Roy  must  have  been  laid  dry,  and,  conse*- 
quently,  it  would  now  no  longer  discharge  the  united  streanrs 
of  the  Gluoy  and  Roy,  by  the  channel  of  the  river  running 
from  the  point  at  Loch  Spey ;  but  leaving  the  stream  from  that 
little  residuary  lake  to  pursue  its  own  course,  it  would  now,  in 
the  first  instance,  become  tributary  to  the  great  Loch  Spean, 
and  would  be  carried  by  means  of  its  river  through  the  Pass  of 
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Muckul,  to  join  the  lower  part  of  its  former  run.  This  se- 
tx)ndary  state  of  matters  is  represented  in  Plate  VIII.  fig,  2. 
Although  it  is  not  very  easy  to  conceive  what  might  be  the  ex- 
act effect  of  tiiis  change,  in  the  course  of  so  very  considerable 
a  body  of  running  water,  yet  there  can  be  no  doubt  tiiat  its 
power  would  in  time  be  felt,  directed,  as  it  now  came  to  be, 
against  a  thin  barrier,  composed  of  soft  materials,  and  already  so 
much  weakened,  as  it  must  have  been,  by  so  great  a  rush  of 
water,  as  that  which  pressed  over  it  during  the  sinking  of  Loch 
Roy  from  the  level  of  Shelf  2d  to  that  of  Shelf  3d.  Indeed  the 
very  circumstance  of  admitting  the  possibility  of  sudb  a  breach 
having  ever  taken  place  once,  implies  that  the  causes  for  its  hap- 
pening a  second  time  must  have  been  greatly  multiplied ;  nor 
can  any  one  hesitate  in  believing,  that  if  the  destruction  once 
began,  it  would  likewise  be  now  proportionably  much  more 
sudden  and  tremendous.  Be  it  remembered,  too,  that  although 
the  perpendicular  height  to  be  swept  away,  was  greater  upon 
this  second  occasion  than  it  was  in  the  first  instance,  yet  it 
was  not  necessarily  very  great, — ^not  certainly  of  necessity 
more  than  about  two  hundred  feet,  the  difference  of  elevation 
between  Shelf  3d  and  Shelf  4th.  We  see,  indeed,  by  the  ap^ 
pearances  remaining  in  Glen  Collarig,  where  there  has  been 
little  or  no  change  since  that  rupture,  which,  during  the  second 
subsidence  of  Loch  Roy,  let  off  a  portion  of  its  waters  there, 
that  the  opening  which  took  place  in  the  barrier  between  the 
Gap  and  it,  did  not  extend  to  half  that  depth,  otherwise  the  uni- 
ted Lake  of  Roy  and  Spean  would  have  gone  entirely  through 
there,  and  would  have  made  an  island  of  the  hill  of  Bohun- 
tine.  But  where  the  Roy  now  flows  on  the  eastern  side  of 
that  hill,  the  depth  of  barrier  destroyed  must  have  been  at 
Jeast  equivalent  to  that  of  the  depth  of  Shelf  4th  below  the  le^ 
vel  of  Shelf  3d.     But  as  I  shall  afterwards  exhibit  causes  for 
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the  subsequent  deepening  of  the  present  mouths  of  the  gleBs^ 
by  means  of  their  rivers  alone,  it  is  unnecessary  to  suppose  at 
pres^it,  that  the  barrier  was  destroyed  by  the  second  subsi^ 
dence  of  Loch  Roy,  to  a  depth  much  under  that  which  was 
merely  necessary  to  reduce  Loch  Roy  to  the  level  of  Loch 
Spean,  of  which  it  now  became  an  immense  arm,  as  represent- 
ed in  Plate  VIII.  fig.  8. 

The  consideration  of  what  I  suppose  to  have  been  the  grand 
cause  which  operated  in  producing  the  sudden  and  contempo- 
raneous evacuation  of  the  independent  Loch  Gluoy,  and  the 
great,  snd  by  this  time  united  Loch  Spean  and  Roy,  again 
leads  me  to  the  Glen-mor-nar-Albin,  or  Great  Glen  of  Scot- 
land. To  those  who  have  travelled  throughout  the  extent  of 
this  remarkbbie  Valley,  it  seems  to  me  hardly  necessary  to 
point  out  the  various  dl^cunlstanbes  that  lead  to  the  supposi- 
tion of  its  being  an  immense  rent  across  the  island,  produced  by 
some  extraordinary  and  powerful  convulsion.  Indeed  the  whole 
of  its  appearance  lis  more  strikingly  convincing  to  the  eye  when 
eitatnined,  than  any  detailed  description  can  be  to  the  mind, 
however  minutely  conveyed  in  words.  But  if  we  consider  the 
vast  depth  of  its  lakes, — ^the  almost  rectilineal  straightness  of 
Its  direction,— 4tB  uniform  narrowness,— the  uniformity  also 
of  the  general  shape  of  the  abrupt  and  lofty  fronts  of  its 
t>ounding  mountains,-'^^iie  seeming  adaptation  of  those  on  op- 
posite sides  to  each  other, — the  wonderM  equality  of  its  level 
from  one  sea  to  the  other, — and  the  lowness  of  its  summit-le^ 
vel,~-which,  as  it  is  composed  of  vast  beds  of  alluvial  matters, 
must  have  been  even  raised  by  time  greatly  above  its  original 
iftate, — ^if  all  these  circumstances,  I  say,  be  considered,  it  will  at 
least  appear  possible,  that  it  may  have  owed  its  origin  to  some 
such  imusual  event  But  as  I  believe  the  evacuation  of  the  lakes 
to  have  been  owing  to  no  less  magnificent  a  cause  than  this,  I 
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am  also  inclined  to  think,  that  the  evidence  which  they  have 
left  behind  theta,  will  reflect  some  strong  rays  of  probability 
upon  the  theory  I  have  adopted  as  to  the  formation  of  this 
very  singular  glen ;  and  that  the  Shelves  of  Lochaber,  and  the 
Glen-mor-na-Albin,  will  be  found  upon  examination,  mutual^ 
ly  to  elucidate  the  history  of  each  other. 

Let  us  suppose,  then,  that  the  lochs  were  brought  to  the 
state  which  is  repres^ited  in  Plate  VIIL  fig.  3.,  and  that  the 
Glen-mor*na-Albin  having  as  yet  no  existence,  the  whole 
country  to  the  north  and  west  of  what  was  then  their  upper 
extremities,  was  a  solid  and  undivided  m^ss.  An  examina- 
tion of  the  map  of  Scotland  would  at  once  show,  that  in  such 
a  situation  of  things,  the  discharge  of  the  combined  waters, 
generated  in  aU  of  them,  towards  the  Eastern  Sea,  by  the  ehan^ 
nd  of  the  River  Spey,  would  have  been  then  mudi  more  na^ 
tural,  than  it  even  is  now  to  the  Western  Sea  by  their  piiesent 
courses,  under  the  circumstances  that  exist*  Nor  can  it  be 
doubted  that  the  opening  of  this  vast  fissure,  would  produce 
all  the  effects  necessary  to  explain  the  seeming  difficulties,  and 
to  reconcile  the  various  incongruities  that  otherwise  encoun^ 
ter  us,  aod  perplex  our  speculations  on  this  interesting  subject* 
The  terrible  convulsions  attending  the  creation  of  such  a 
yawning  crack,  running  through  ground  previously  unbroken^ 
although  it  might  not  cut  exactly  across  in  the  very  line  be- 
tween the  lakes  and  their  south-western  boundaries,  so  as  to 
allow  the  whole  body  of  the  water  to  escape  from  each  of 
them  in  one  moment,  would  certainly  so  rive  and  shatter  the 
country,  that  the  weight  of  the  water  itsdf  would  almost  in^ 
stantly  complete  the  annihilation  of  any  thing  that  remained 
to  prevent  its  escape.  From  the  appearances  which  still  exr 
ist  indeed,  this  would  seem  to  have  been  the  very  manner  in  . 
which  it  must  have  operated  with  rwpect  to  the  Spean  lake, 
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since  we  see  that  the  middle  of  the  crack,  runs  nearly  in  the 
line  of  the  river  Lochy,  whifst  the  western  termination  of  the 
supposed  Loch  Spean  must  have  been  above  Highbridge.  It 
is  therefore  probable,  that  the  small  hills  that  are  scattered 
like  an  elevated  moor,  in  a  semicircular  form,  from  Ben-y- 
vaan,  by  Highbridge,  to  the  projection  of  Aonach-more,  are 
the  remains  of  the  shattered  barrier,  towards  the  destruction 
of  which  the  discharge  of  the  lake  added  the  immediate  assist- 
ance of  a  tremendous  rush  of  water.  The  appearances  at  the 
Mouth  of  Glen  Gluoy,  and  particularly  the  manner  in  which 
the  shelf  of  that  glen  suddenly  stops,  on  the  south-east  side, 
whilst  it  comes  farther  down  on  the  north-west  side  of  the 
valley,  would  rather  seem  to  indicate,  that  a  smaller  crack, 
(of  which  there  would  naturally  be  several,)  branching  off  from 
the  great  rent,  had  taken  a  zigzag  direction,  somewhat  in  the 
bent  line  formed  by  the  mouth  of  Glen  Gluoy  and  the  Glen  of 
Fintack ;  and  indeed  the  whole  appearance  of  this  tributary 
glen  would  induce  one  to  espouse  such  a  supposition. 

If  it  be  at  all  admitted,  that  these  lakes  ever  had  existence, 
which  I  presume  to  suppose  can  hardly  be  doubted,  I  have 
already  shown,  that  the  whole  water  discharged  from  them, 
must  have  run  towards  the  Eastern  Sea.  If  this  was  the  case, 
it  appears  to  me  to  be  impossible  to  account  for  the  disappear- 
ance of  the  terra  firma  which  shut  in  their  western  or  upper 
extremities,  in  any  other  way  than  by  the  means  I  have  sug- 
gested ; — ^means  which  were  fully  adequate  to  produce  at  once 
Uie  discharge  of  the  united  Loch  Spean  and  Roy,  and  of  the 
independent  Loch  Gluoy.  It  even  appears  to  me  to  be  not 
unlikely,  (though  I  do  not  consider  the  aid  of  such  a  supposi- 
tion to  be  absolutely  necessary  to  my  theory),  that  in  a  coun- 
try where  such  a  great  convulsion  was  to  happen,  some  previ- 
ous throes  might  have  manifested  themselves^  which  might  have 
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even  had  some  share  in  weakening  the  barrier  dividing  Loch 
Roy  from  Loch  Spean. 

The  present  depth  of  the  Glen-mor-na-Albin,  is  more  than 
enough  to  have  accounted  for  the  escape  of  the  waters  of  these 
glens  towards  either  sea ;  it  is,  however,  evident,  that  it  has 
been  once  much  deeper,  since  the  Caledonian  Canal  is  now 
cutting  through  great  beds  of  alluvial,  to  which  the  debris  of 
the  mountains  brought  down  by  torrents  are  every  day  add- 
ing, so  much  so  indeed,  as  to  produce  an  evident  diminution 
in  the  extent  of  the  higher  lakes.  And  then  Loch  Ness  itself 
is  so  very  deep  ;— though  I  am  rather  disposed  to  think,  that 
the  abyss  containing  it,  may  have  been  produced  by  some  of 
the  last  pangs  of  the  convulsion,  which  perhaps  operated  with 
greater  violence  there  than  elsewhere.  A  belief  is  very  preva- 
lent, that  Scotland,  to  the  northward  of  this  glen,  was  once  in- 
sulated from  the  rest  of  the  kingdom,  by  a  narrow  strait  of  the. 
sea  running  through  it ;  but  from  the  circumstance  of  the  ear- 
ly disappearance  of  all  marine  exuviae,  in  the  course  of  the  cut 
of  the  canal,  from  the  sea,  through  the  flat  ground  near  Inver-- 
n^ss,  this  notion  appears  rather  improbable.  It  would,  how- 
ever, be  a  highly  interesting  experiment,  to  bore  for  nearly 
a  hundred  perpendicular  feet,  at  some  point  about  the  sum- 
mit-level of  the  Caoal,  in  order  to  discover,  what  substances 
would  oflPer  themselves.  Some  very  curious  geological  specula- 
tions might  be  awakened  by  such  a  trial,  and  some  additional 
and  unexpected  light  might  thus  be  thrown,  upon  the  theory  of 
the  ancient  Lochaber  lakes.  It  is  very  likely,  that  much  evi^ 
dence  bearing  upon  this  last  subject,  might  also  be  gleaned,  by 
extending  our  inquiries  to  the  two  extremities  of  the  Glen- 
mor-na-Albin,  as  well  as  to  the  appearances  at  the  mouth  of  the 
river  Spey.  The  few  investigations  I  have  made  as  to  these 
points,  have  been  much  more  superficial  than  I  could  have 
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wished,  nor  can  I  pretend  to  found  much  upon  them.    The 
western  end  of  the  Great  Glen  of  Scotland,  is  flanked  by  such 
rocky  mountains,  as  to  render  it  impossible  to  conceive  that 
the  portion  of  water  which  escaped  dbat  way,  however  great 
might  have  been  its  body,  or  however  violent  its  discharge, 
could  have  produced  much  effect,  so  as  to  leave  traces  of  ita 
action ;  and  the  sea  also,  on  this  side  of  th^  island,  being  so 
much  nearer  the  inmiediate  scene  of  the  catastrophe,  would 
naturally  counterbalance  the  violence  of  the  flood,  by  the  sud- 
den influx  of  its  waters* «   Accordingly,  I  was  not  conscious  of 
observing  any  thing  on  the  west  coast,  that  could  lead  to  any 
conclusion,  favourable  to  the  theory  I  have  ventured  to  ha» 
zard.     But,  up<»  the  east  coast,  I  thought  I  discovered  ap- 
pearances that  seemed  in  a  very  material  degree  to  illustrate 
and  strengthen  the  views  I  entertain.     In  the  neighbourhood 
of  Inverness,  there  are  great  bills  of  rounded  ^avel,  and  sand, 
in  what  may  be  called  the  Mouth  of  the  eastern  end  of  the 
Glen-mor-n8-AIbin«     The  HiU  (^  Tam-ma^urich^  near  the 
Town  of  Inverness,  in  particular^  is  extraordinary  both  for  its 
structure,  its  shape,  and  its  situation;  being  found  standing^ 
nearly  in  the  middle  of  the  alluvial  flat,  like  the  inverted  hull 
of  a  ship  in  £>rm^  and  presenting  the  end  of  its  loi^  diame- 
ter towards  the  Great  Glen,  in  such  a  way,  and  being  so  sha- 
ven off  iHi  the  two  sides,  as  to  leave  little  room  for  doubt,  that 
it  stands  as  a  living  wkness  of  that  terrrible  flood  of  water, 
which  resulted  from  the  sudd^ii  opening  of  the  Glen-mor-na^ 
Albin. 

It  remains  for  me  now,  to  endeavour  to  trace  out  the 
changes  which  have  taken  place  in  the  glens  lefl  by  the  lakes, 
and  whidb  may  be  considered  as  the  secondary  effects  of  the 
grand  catastrophe ;— and,  first,  w  to  those  in  Glen  Gluoy .  The 
diief  streams  of  this  glen  are  three, — oqe  running  from  Glen 
Fintack,  and  the  other  two  coming  from  the  hills  on  the  north 
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and  south  aides  of  its  present  upper  extremity.     Whilst  Loch 
Gluoj  existed,  the  water  <^{  these  streams  was  all  disdiarged 
by  the  High  Gien,  into  Glen  Turret.     But  no  sooner  was  the 
lake  broken  up  at  its  other  extremity,  than  the  water  would 
cease  to  flow  in  thisO;  direction,  and  would  instantly  rush  into 
that  whidi  it  follows  at  present .  An  attention  to  tibe  south- 
ern branch  of  the  rirer,  at  the  head  of  Q^osa  Gluoy,  (to  which, 
in  the  map,  as  well  as  in  my  description,  I  hare  given  the 
name  of  die  Bboer  GluQy)^  as  wdl  as  a  remembrance  of  its  va- 
rious accompaniments  in  that  quarter.,  will  afford  matter  for 
some  curious  remark.     It  is  discovered  to  descend  from  the 
hill,  by  a  fall,  upon  that  broad  part  of  die  shelf  which  must 
have  been  formerly  a  gendy  shelving  bay  of  the  ancient  lake ; 
where,  xdiilst  the  water  existed,  its  foirce  would  be  immediate- 
ly broken,  and  the  stream  would  then  have  no  effect  in  cut- 
ting, but  "vifould  irather  add  to  the  shoal,  by  the  deposidon  of 
the  debris  brooght  down  with  it  from  the  mountam«    But  no 
sooner  was  the  lake  evacuaited,  diati  all  check  to  the  full  exer- 
tion of  the  force  of  its  descent  would  be  removed,  ks  powers 
of  ^xcavadon  would  be  brou^t  into  petfeet  actioft ;  imd  ^he 
violence  of  its  descent  would  soon  cut  open  the  deep  ravine 
which  I  have  describcfd;  and  marked  in  the  map,  as  dividing 
the  shelf  across  it6  wbo^  breadth ;  and  its  power  would  conti- 
nue undiminished^  as  long  as  any  material  difference  existed, 
between  the  degree  of  declivity  of  the  bottom  of  the  ravine, 
and  that  of  th6  lower  part  of  the  glen  ibto  which  it  issues.     I 
therefore  coiicdve,  that  this  part  of  Glen  Gluoy  is  particular- 
ly interesting,  because  it  displays  in  a  most  siitisfactory  man* 
ner  the  mode  in  which  running-water  ^ways  operates,  in 
bringing  its  course  to  a  regular  equality  of  fall,  throughout  all       ^/ 
its  parts.    The  present  depth  of  Glen  Gluoy,  at  its  jower  end, 
cut  as  it  is  also  into  a  deep  ravine,  fhmishes  no  proof  that  the 
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original  lake  was  nearly  so  profound  in  that  quarter*     Hie 
sudden  burst  of  the  water  must  have  done  much  to  scoop  it 
out  almost  instantaneously,  and  the  river  itself  would  continue 
active  in  reducing  it,  in  a  proportion  exactly  equal  to  the 
quantum  of  its  deviation  .from  a  regular  declivity,  counterba- 
lanced as  it  might  be,  by  the  various  degrees  of  hardness  of 
the  materials  through  which  it  had  to  work.     These  last  ob- 
servations apply  equally  to  the  effects  which  must  have  been 
produced  by  the  rivers  of  all  the  ^ens,  after  the  evacuation  of 
their  lakes.     We  see  how  the  rocks  have  beea  cut  in  the  de- 
scent of  the  stream  from  the  High  Glen^  which  must  have 
been  done  in  the  same  manner  1  have  just  described,  after 
the  water  escaped  from  the  Bai/  of  Twrret.     So,  after  the 
subsidence  of -Loch  Roy,   which  laid  dry  all   Upper  Glen 
Roy,  the  stream  would,  in  the  same  way,  begin  to  cut  the 
ravine,  to  the  south  of  the  rock,  dividing  Upper  and  Un- 
der Glen  Roy ;  and  the  operations  there,  would  be  increa- 
sed by  the  farther  reduction  of  Loch  Roy,  to  the  level  of  Loch 
Spean.     The  inclined  shelves  opposite  to  the  mouth  of  Glen 
Turret   (See  the  diagram,  Plate  VII.  fig.  6r)  are  evidently 
the  effect  of  the  water  of  Loch  Roy,  rushing  off  at  successive 
elevations,  during  its  final  evacuation;  or  perhaps,  indeed, 
some  of  the  lower  ones  may  have  been  owing  entirely  to  the 
after  operations  of  the  river.    Generally  towardis  the  mouth  of 
Glen  Roy,  and  particularly  to  the  eastward  of  the  Hill  of  Bo- 
huntine,  the  valley  has  been  much  deepened  by  the  river,  and 
the  rocks  are  more  and  more  cut,  aa  it  proceeds  in  its  progress 
down  the  glen;  we  are  not,  therefore,  to  decide  upon  the 
depth  of  the  ancient  lake  at  this  point,  by  what  we  now  see. 
The  same  deepening  of  the  channel  of  the  river  takes  place  in 
the  common  valley  of  the  united  Roy  and  Spean^  as  is  exem- 
plified in  the  wild  scenery  at  Highbridge,  to  which  direction 
the  river  Pattaig  was  turned,  and  whither  the  whole  water  of 
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these  valleys  was  then  sent  and  discharged.  Instead  of  going 
as  formerly  through  the  Pass  of  Muckul  towards  the  East  Sea. 
The  state  which  matters  had  now  assumed,  will  be  understood 
at  one  view,  by  a  reference  to  Plate  VIII.  fig.  4.  Glens  Gluoy 
and  Roy  were  now  completely  evacuated  of  their  stagnant  wa- 
ter. But  of  the  Glen  Spean  lake,  besides  those  remnants  that 
remain  to  this  day  under  the  name  of  Lochs  Treig  and  Laggan ; 
there  were  then  three  smaller  portions,  as  represented  in  fig.  4. 
These  must  have  long  survived  the  great  catastrophe,  since 
the  name  of  Kenmuir^  or  The  End  of  the  Lake,  given  to  each 
of  the  rocky  necks  of  land,  which  served  as  barriers  to  confine 
their  western  or  lower  extremities,  sufficiently  denotes  that 
these  minor  lakes,  must  have  continued  to  exist  after  the  Gae- 
lic language  was  in  use.  It  is  a  remarkable  coincidence,  and 
worthy  of  notice,  that  the  little  valleys  remaining  after  the  dis- 
charge of  these  smaller  lakes,  exhibit  the  same  ravines  and 
falls,  that  accompany  all  those  on  the  greater  scale  in  this 
neighbourhood,  and  that  also  appear  in  the  case  of  the  analo- 
gous example  of  Subiaco  in  Italy.  The  causes  which  produ- 
ced the  evacuation  of  these  smaller  lakes,  were  evidently  slow 
in  their  operation  j  it  must  have  been  gradually  effected  by 
the  river  alone  working  in  obedience  to  that  invariable  law, 
by  which  running-water  has  a  constant  tendency  to  reduce  the 
course  over  which  it  flows,  to  one  uniform  and  regular  decli- 
vity. 

From  all  that  has  come  under  my  observation  in  the  course 
of  this  interesting  investigation,  I  am  satisfied,  that  the  district 
of  Lochaber,  and  the  country  connected  with  it,  will  be  found 
to  merit  frequentand  minute  inspection ;  and  that  it  will  be 
considered  as  affording  many  facts,  fix>m  which  important  geo* 
logical  inferences  may  be  drawn.  It  appears  to  me,  that  the 
evidence  displayed  by  its  different  parts,  is  admirably  calculated 
to  illustrate  all  the  varied  mechanical  operations  of  stagnant 
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and  of  running  water^  under  every  modification ;  and  that  per* 
haps,  these  could  be  no  where  so  well  established.  But  this 
is  not  all ; — ^for  if,  as  I  am  inclined  to  believe,  it  shall  ulti- 
mately be  decided,  that  the  Glen-mor-na-AIbm,  not  only  elu- 
cidates the  mode  in  vAndi  the  ancient  lakes  of  Lochaber  were 
evacuated,  but  that  the  shelves  left  by  these  lakes  also,  throw 
a  reciprocal  light  upon  the  origin  of  the  Glen-mor-na-Albin, 
then  the  science  of  geology  will  have  reaped  no  inconsiderable 
advantage,  by  the  attention  of  its  followers  having  been  direc- 
ted, as  I  hope  it  will  be,  to  such  a  field  of  inquiry. 


NOTE. 


The  descriptive  part  of  this  paper,  was  written  from  my 
notes,  soon  after  returning  from  my  last  visit  to  Glen  Roy. 
I  have  just  had  (January  1818),  an  opportunity,  of  reading 
forvthe  first  time,  Dr  MacCdlloch's  learned  and  ingenious  es- 
say ^  On  the  Parallel  Roads  of  Glen  Roy^^  which  was  read  at 
the  Geological  Society  of  London,  nearly  Bbout  the  time  that 
the  Royal  Society  of  Edinbuigh  did  me  the  honour  of  listen- 
ing to  my  first  remarks  on  the  same  subject  I  observe,  that 
I  have  the  misfortune  to  differ  very  materially  from  Dr  Mac- 
CuLLOCH,  as  to  the  height  of  Shelf  2d,  or  the  uppermost  line 
of  Glen  Roy,  when  considered  with  reference  to  Loch  Spey. 
As  will  be  seen  by  looking  at  the  text,  (page  33,  of  the  fore- 
going), I  conceive  that  this  line  may  be  traced  to  within  about 
SOO  yards  of  Loch  Spey,  and  that,  from  the  present  level  of 
the  ground  there,  having  been  increased  by  the  accumulation 
of  a  mossy  stratum,  I  believe  the  level  of  the  shelf  to  be  ac- 
tually 
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^ally  somewhat  hwer^  than  the  sur&ce  of  the  moss  lying  be- 
tween it  and  Loch  Spey.  In  Dr  MacCulloch^s  Tabular  View 
€if  Elevations^  he  makes  the  highest  parallel  of  Glen  Roy  to  be 
1266  feet,  and  Loch  Spey  1203  feet,  above  the  German  Sea, 
and,  consequently,  the  shelf  to  be  63  feet  above  the  loch. 
Although  my  own  observations  have  led  me  to  form  so  very 
different  an  opinion  about  this  matter,  and  although  this  opi- 
nion has  been  since  borne  out  by  the  highly  respectable  testi- 
mony of  Mr  Macdonald  of  Inch,  yet  I  should  have  almost 
hesitated  in  supposing,  that  so  very  accurate  and  philosophical 
an  observer  as  Dr  MacCulloch  could  have  been  mistaken,  did 
he  not  himself  seem  to  imply  a  doubt  in  his  own  mind  of  some 
error  having  arisen  in  the  measurement  of  this  very  elevation. 
This  he  expresses  in  a  note  which  I  hope  Dr  MacCulloch*s 
consideration  will  forgive  me  for  quoting,  as  I  doubt  not  his 
liberality  will  pardon  me  for  thus  expressing  my  difference  of 
opinion  with  regard  to  the  state  of  a  fact,  of  which  I  feel  con- 
vinced*    The  words  of  this  note  are  as  follows : 

**  Whatever  doubt  we  may  have  respecting  the  general  va- 
**  lue  of  the  method  by  which  the  elevation  of  the  upper  line 
^  of  Glen  Roy  was  ascertained,  I  must  here  remark,  that  this 
principal  measurement  receives  confirmation,  to  a  certain 
extent  at  least,  by  comparison  with  the  height  of  that  land 
which  is  the  common  division  of  the  Truim  and  the  Garry. 
This  point  has  been  found,  by  levelling,  to  be  1460  feet,  and 
it  appears  probable,  from  comparing  the  course  of  the  for* 
mer  river  and  that  of  the  Spey  to  their  common  Junction, 
that  the  source  of  the  Spey  cannot  be  materially  different  in 
^  elevation,  a  circumstance  confirmed  by  the  barometric  ob- 
**  servations.  The  other  measures  in  the  Table  scarcely  ad- 
^  mit  of  any  material  errors." — Geological  Transactions^ 
Vol.  iv.  Part  ii.  p.  327. 
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The  height  of  the  source  of  the  Truim  is  here  stated  to  be 
1460  feet;  and  it  is  supposed  by  Dr  MacCulloch  not  to  be 
materially  different  from  that  of  the  source  of  Spey,  which, 
however,  is  only  1203  feet  by  his  measurement  According 
to  this  statement,  therefore,  the  source  of  Truim  is  257  feet 
above  that  of  Spey,  which,  in  a  question  of  so  much  nicety  as 
the  present,  must  be  considered  as  constituting  a  very  mate- 
rial difference  indeed.  But  the  difference  between  Dr  Mac- 
Culloch and  me^  is  only  about  63  feet,  which,  if  it  can  be  al- 
lowed me,  will  bring  the  height  of  the  sources  of  the  Truim 
and  Spey  so  much  nearer  to  an  equality,  and  will  at  the  same 
time  make  the  altitudes  relating  to  Glen  Roy,  in  perfect  har- 
mony with  the  view  of  the  state  of  matters  which  my  observi^ , 
tions  have  led  me  to  entertain. 
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II.     On  the  Poisonous  Fishes  of  the  Carribbee  Islands.     By 
William  Ferguson,  M.  D.  F.  R.  S.  Edin. 


(Read  Jan.  18.  1819.^ 


X  HE  subject  of  poisonous  fish  has  long  been  a  source  of 
puzzle  and  speculation  to  the  inhabitants  of  the  West  Indies. 
Much  has  been  conjectured  upon  it,  and  numerous  tests  and 
theories  been  proposed,  which  have  had  for  a  time  their  be- 
lievers and  advocates ;  but  all  have  been  found  to  be  equally 
baseless.  The  author  of  this  paper,  by  a  narrative  of  what  he 
has  himself  seen  and  observed  on  the  subject,  proposes  rather 
to  shew  to  the  Society  what  it  is  not,  than  what  it  actually  is, 
and  thereby  to  clear  th6  way  for  the  future  successful  investi- 
gation of  this  curious  and  interesting  phenomenon,  by  dissipa- 
ting many  erroneous  notions  that  stand  in  the  way  of  the  dis- 
covery of  truth. 

Throughout  the  greater  part  of  the  West  Indies,  the  acci- 
dent of  meeting  a  poisonous  fish  is  a  rare  and  extraordinary 
occurrence.  At  Barbadoes,  for  instance,  it  happens  so  seldom, 
that  the  majority  of  even  the  best  informed  inhabitants  can 
scarcely  be  made  to  believe,  that  it  has  ever  taken  place 
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amongst  them.  On  the  coasts  of  St  Domingo,  where  I  served 
during  the  years  1796,  1797,  and  1798,  and  where  the  British 
troops,  under  the  scarcity  of  fresh  provisions,  always  depended 
much  on  the  sea  for  subsistence,  only  two  well-authenticated 
instances  of  the  kind  came  within  my  personal  observation. 
Had  there  been  others  in  the  army,  it  is  most  probable  that  I 
would  have  heard  of  them.  The  nature  of  the  accident,  and 
of  the  morbid  phenomena  consequent  upon  it,  was  so  very  si- 
milar to  what  I  had  much  more  recent  opportunity  of  witnes- 
sing at  Guadaloupe,  in  the  year  1815,  as  to  render  it  unneces- 
sary to  trespass  on  the  time  of  the  Society  with  a  detail  of 
both  occurrences.  I  shall  therefore  proceed  to  lay  before 
them  an  account  of  the  last,  as  being  the  best  within  my  me- 
mory, as  well  as  being  officially  authenticated  by  documents 
that  will  be  referred  to  in  the  course  of  this  paper. 

Shortly  after  the  last  capture  of  that  island,  imder  circum^* 
stances  much  the  same  as  at  St  Domingo,  while  the  British 
troops  were  daily  making  use,  without  scrapie,  of  whatever 
fishes  were  offered  to  them  in  the  markets  of  the  island,  the 
Quartermaster-General,  attracted  by  the  appearance  of  a  par- 
ticularly fine  horse-eyed  cavallo  *,  purchased  it  for  his  family, 
the  members  of  which,  including  servants,  were  numerous  (not 
fewer  than  twenty).  All  partook  of  it,  and  all,  without  excep- 
tion, were  taken  ill  within  a  few  hours  afterwards.  The  symp- 
toms in  some  were  cholera  morbus,  with  florid  patches  on  the 
skin,  not  unlike  what  is  seen  in  phlogistic  scarlatina,  6nly  the 
parts  affected  were  more  swelled  and  raised;  and,  in  all, 
great  and  most  distressing  pains  over  the  thinly  covered 
bones,  more  particularly  the  bones  of  the  face,  with  great  fe- 
brile 
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brile  disturbance,  much  painful  numbness  of  the  soles  of 
the  feet,  and  more  or  less  of  spasmodic  twitcfaings  and  tre^ 
moi^.  All  the  Negro  servants  were  more  severely  a^Tected 
than  the  white  members  of  the  family,  and  the  black  cook 
died  from  the  effects  of  the  poison  ;  confirming  the  popular 
opinion^  froni  the  fatality  thus  falling,  as  in  other  instances^ 
upon  the  blacks,  of  their  co^nstitutions  being  more  amenable 
to  the  action  of  the  fish-poison  than  those  of  the  whites.  But 
it  ought  here  to  be  remarked,  that  these  last  suffered  exactly 
in  proportion  as  they  had  partaken  of  the  fish,  and  the  Gene- 
ral's  lady^  who  had  dined  almost  entirely  upon  it,  felt  the  ef- 
fects of  the  poison  for  many  months  afterwards.  The  numb- 
ness of  the  feet,  with  the  peculiarly  painful  sensation  of  the 
soles,  continued  for  a  very  long  time.  So  little  danger  was 
apprehended  by  the^  inhabitants  from  the  use  of  this  fish, 
though  all  of  them  knew  it  to  be  occasionally  poisonous,  that, 
two  days  after  the  accident,  I  saw  a  very  laige  one  cut  up,  and 
distributed  in  the  market-place  amongst  a  number  of  purcha- 
sers, all  of  whom  treated  my  interference  with  merriment,  And 
jeered  good  humouredly  at  my  warnings  against  it. 

Though  the  majority  of  the  British  Medical  Staff  had  long 
been  resident  in  the  West  In^es,  the  accident  in  the  Quarter- 
master-General's family  was  so  new  to  most  of  them,  that  we 
hesitated  not  to  call  in  the  aid  of  the  French  Faculty  of  the 
place,  who  prescribed  (the  necessary  evacuations  having  been 
premised)  the  sulphuret  of  potash  in  the  first  instance,  in  as 
large^and  frequent  doses  as  the  stomach  could  bear,  and  then 
the  saccharine  mucilages,  in  every  shape  that  could  be  offer- 
ed ;  and  this  treatment,  more  particularly  that  of  the  saccha- 
rine regimen,  appeared  to  be  very  effectual.  It  did  not  appear 
that  the  alkaline  remedy  produced  much  effect.  A  very  sliort 
time  aft;er  this  occurrence,  a  shoal  of  the  green-backed  caval- 
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loes  (a  much  smaller  fish)  beset  the  shores  and  wharfs  of  Basse- 
terre, the  capital  of  the  island,  in  such  numbers,  that  they 

were  taken  in  all  kinds  of  ways  by  the  common  people,  and  an 
English  merchant,  attracted  by  the  sight  of  this  fishery,  could 
not  resist  the  temptation  of  a  remarkably  fine  one,  which  he 
purchased  for  a  trifle,  and  carried  home  to  his  familyi     They 
were  taken  ill  after  eating  it,  much  in  the  same  manner  as  the 
Quartermaster-Generars,  though  not  so  severely*.     His  lady 
only  had  alarming  symptoms  ;  but,  amongst  the  many  thou- 
sands of  these  fish  that  had  been  eaten  in  the  town,  this  one 
alone  was  ascertained  to  have  possessed  any  poisonous  quali- 
ty.    The  British  Medical  StaflT  w^as  in  the  closest  communica- 
tion with  the  French  Faculty  on  the  subject,  in  consequence 
of  the  first  accident,  and  if  any  others  had  occurred,  it  is  next 
to  impossible  that  they  could  have  been  concealed  from  us  f . 
These  casualties  strongly  excited  the  attention  of  the  Go- 
vernor-Genera], Sir  James  Leith,  who  directed  me  to  call  offi- 
cially upon  all  the  French  Faculty,  (some  of  them  men  of 
much  knowledge  and  experience)  for  information  on  the  sub- 
ject ;  and  from  them  we  learnt,  that  sixteen  different  species 
of  fish  had  been  found  more  or  less  poisonous,  at  different 
times,  in  Guadaloupe;  but  that  in  all,  with  one  exception  (that 

of 


•  The  fish  is,  comixxrativaly  to  the  horse-eyed  cavallos,  a  miicJi  saialler  one, 
and  cansequeiitly  a  Kiiiall  i>ortiou  only  coidd  fall  to  the  share  of  each  member. 

f  Let  it  not  be  here  supposed^  that  this  fisli-poiison  bears  any  analogy  to  the 
affections  that  are  sometimes  induced  upon  particular  coiis^titutions  in  this  eoun- 
try,  from  eating  some  particular  kinds  of  sheltfiBli.  The  fish-poison  afl'ects  all 
who  receive  it,  as  generally,  and  as  certainly,  as  opium  or  arjsenic.  In  the  year 
1797,  at  Cape  Nicholas  Mole^  in  St  Domingo,  almost  every  officer  in  the  Annv 
and  Navy  suffered  from  ii,  from  eating  of  one  large  fish,  on  the  occai^ion  of  a 
garrison  dinner,  and  se\  eral  of  the  black  domestics  died* 
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of  thie  yellow*biIled  sprat  *);  it  was  so  perfectly  an  accidental 
occurrence,  that  it  never  had  been  deemed  necessary  to  im-^ 
pose  any  prohibition,  beyond  what  the  fears  mid  experience 
of  the  people  naturally  dictated,  more  particularly,  as*  the  best 
part  of  their  food  was  at  all  times  derived  from  the  sea.  From 
their  information,  however,  jt  was  clearly  ascertained,  that  the 
most  dangerous  fishes  were  the  small  yellow-billed  sprat,  the 
baracoota  f ,  and  horse-eyed  cavallo,  which  three  were  forbid- 
den under  penalty  of  confiscation  of  the  fishing-boats^^  to  be 
ever  exposed  for  sale ;  and  the  other  thirteen  kinds  were  di- 
rected, under  a  severe  pecuniary  penalty,  to  be  gutted  as  soon 
as  caught,  (the  black  fishermen  having  expressed  much  con- 
'  fidence  in  that  precaution)  and  never  to  be  brought  to  the 

markets  except  in  that  state.     No  accident  occurred  after 
these  regulations  were  adopted,  during  the  remaining  nine 
I  months  that  the  British  continued  in  possession  of  Guada- 

1  loupe.     From  the  black  fishermen  we  also  obtained  the  curi- 

ous information,  that  the  deadly  yellow-billed  sprat  was  never 
poisonous  when  caught  in  the  immediate  Bay  of  Basseterre, 
even  at  the  time  when  it  would  be  almost  certainly  fatal  to  eat 
*  them  if  taken  at  a  very  short  distance  on  either  side  of  the 

I  roadstead,  and.  that,  at  some  seasons  of  the  year,  tliey  could 

,  be  eaten  with  impunity  everywhere ;  the  most  dangerous  times 

f  with  them  being  firom  the  month  of  April  till  the  end  of  the 

;  summer  months.     They  also  amply  confirmed,  what  we  had 

previously  taken  for  granted,  that  the  larger  fishes  followed 
and  preyed  upon  them  at  all  times  with  avidity,  and  that  there 
was  no  bait  they  could  use  more  tempting  than  the  yellow- 
I  billed 


*  Sardine  dore  of  the  French,  and  Clvpea  Thryasa  of  naturalists. 
^  La  Bechune  of  the  French,  and  Perca  major  of  naturalists. 
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billed  sprat.  Indeed  they  might  be  seen  by  any  who  Would 
take  the  trouble  to  attend  to  theni,  selecting  from  their  sprat- 
nets  the  yellow-billed  for  bait,  reserving  the  baiahoo^a&sh 
not  unlike  the  sprat,  but  about  the  siae  of  a  pilchard  or  small 
herring,  and  the  common  white  sprats  of  the  same  size,  caught 
in  the  same  net,  of  the  same  shoal,  and  on  the  same  ground, 
for  market ;  which  last  were  never  known,  under  any  circum- 
stances, to  prove  poisonous. 

The  importance  and  obscurity  of  the  subject,  on  which  so  * 
little  light  had  been  obtained  IBrotn  our  inquiries  at  Guada- 
loupe,  called  for  further  investigation,  and  by  direction  of  Sir 
James  Leith,  I  circula^ted  the  following  queries,  amongst  the 
fiiculty  of  all  the  colonies : 

♦*  1.  Wliat  fish  have  yo^  knowledge  of^  as  possessing,  when 
eaten,  a  poisonous  quality,  in  the  West  Indies  ? 

"  a  "Were  these  fishes  poisonous  in  all  places  and  seasons, 
or  only  at  particular  times,  and  in  particular  places  ?  Did 
they  prove  poisonous  to  the  majority  of  those  who  ^te  them, 
or  only  to  particular  individuals  ? 

^^  S.  Did  the  other  fishes  inhabiting  the  same  places^  exhi- 
bit, when  eiEtten,  more  or  less  of  the  same  poisonous  quality, 
or  was  it  found  in  only  one  or  two  particular  species,  or  only 
in  one  or  two  individuals  of  the  same  species  ? 

**  4.  Can  it  be  ascertained  whether  any  species  of  food,  that 
fishes  incidentally  eat,  can  communicate  this  poisonous  quar- 

lity? 

"  5.  It  has  been  seen,  that  fishes  such  as  the  King  Fish  *, 
and  the  different  kinds  of  cavalloes,  can  be  eaten  with  safety 

when 
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when  of  the  ordinary  size^  but  become  sometimes  poisonous^ 
when  they  grow  very  large..  What  do  you  suppose  can  be  the 
reason  of  this  ?  Do  these  fish  live  on  a  different  kind  of  food 
when  arrived  at  this  gross  state,  from  what  they  did  when 
smaller?  Does  the  poisonous  quality  reside  in  the  fat  that 
has  accumulated  under  the  skin  ?  or  what  is  the  diange  indu- 
ced upon  the  fish  in  consequence  of  his  increased  bulk,  that 
renders  him  poisonous  ? 

^^  6.  Are  not  fishes  that  are  found  to  be  poisonous  general- 
ly m  the  highest  season,  and  of  superior  flavour  ? 

^^  7.  Has  any  thing  remarkable  ever  been  detected  in  re- 
gard to  the  liver  or  other  viscera  of  poisonous  fishes,  or  are 
there  any  marks  by  which  they  can  at  all  be  distinguished 
from  others  of  healthy  quality  ? 

''  Br  Is  any  feith  due  to  the  test  of  boiling  a  piece  of  silver 
in  the  same  pot  with  the  suspected  fish,  when  cooked ;  and 
will  not  all  fishes  that  abound  with  dark-coloured  fats  under 
the  skin,  imbue  silver,  more  particularly  when  long  boiled, 
with  a  tint  of  the  same  ?  Have  not  these  fishes  been  eaten 
>vith  impunity  after  they  had  stained  the  silver  that  had  been 
Ufiied  fpr  the  above  test  ? 

^  9*  Has  the  existence  of  copper^re  at  the  bottom  of  the 
sea,  so  as  to  constitute  what  is  called  a  copper-bank^  in  contact 
with  the  waters,  ever  been  ascertained;  and  if  ascertained^ 
have  the  fishes  caught  there  proved  more  remarkably  poison- 
ous than  in  other  places? 

•*  iO.  Do  fishes  eat  any  species  of  marine  plants,  weeds,  or 
mosses,  for  food,  and  can  any  of  those  that  fishes  eat  have  the 
effect  of  rendering  them  poisonous  ?  ' 

^^  ll«  Are  eels,  mud-fish,  and  other  species  that  live  station- 
ary in  a  great  degree,  amongst  the  weeds  at  the  bottom  of  the 

sea. 
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sea,  ever  poisonous,  or  more  remarkably  so  than  the  other 
species  offish  that  prey  abroad  throughout  the  waters  ? 

"  12.  The  poison  of  the  yellow-billed  sprat  has  been  found 
particularly  deadly  in  the  month  of  May,  at  the  time  when, 
according  to  the  vulgar  saying  of  fishermen,  coral  is  in  blos^ 
som.  Can  it  be  ascertained,  what  is  the  food  of  these  fish  at 
that  time  ?  What  particular  species  of  marine  insects  abound, 
and  sea  plants  flourish,  at  that  period,  in  the  places  where  he 
inhabits  ?*' 

N.  B.  It  is  said  that  the  yellow-billed  sprat  can  be  eaten 
with  impunity  at  all  seasons,  when  taken  in  the  road  of 
Basseterre,  Guadaloupe. 

**  1 3.  Do  not  all  the  larger  fishes  that  are  found  to  be  poi- 
sonous, prey  upon  the  yellow-billed  sprat,  in  common  with 
any  other  kind  of  smaller  fish  they  can  master  ?  May  not  the 
larger  fishes,  that  prey  directly  upon  the  yellow-billed  sprats, 
thereby  acquire  a  highly  poisonous  quality,  or  one  of  less  in- 
tensity, by  preying  at  a  farther  remove  on  those  fishes  that 
have  done  so ;  or  is  this  disproved,  by  the  fact  of  the  larger 
fishes  of  some  species  only  being  poisonous,  while  the  smaller 
of  the  same  kind,  that  may  be  supposed  to  prey  more  imme- 
diately on  the  yellow-billed  sprat,  can  be  eaten  with  impu- 
nity ?'' 

N.  B.  The  poisonous  quality  of  the  Baracoota  is  in  no  rfe- 
spect  modified  by  his  size. 

"  14.  Fish  of  the  larger  kinds  are  never  poisonous  at  Bar- 
badoes,  and  some  other  places.  Is  the  yellow-billed  sprat 
found  on  these  coasts  ? 

".  1 5.  Is  any  credit  due  to  the  common  opinion,  that  fish^ 
are  rendered  poisonous  by  eating  the  gaily  fish  or  stinging 
blubbers?'' 

N.B. 
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N.  B.  These  blubbers  fire  found  in  great  qoabtity  at  BoFbi^ 
doei^  and  aboQod  prodigibiisly  <m  lottie  of  the  coasts  of 
Europe,  wbere  fidi  are  never  ktoown  to  b^  potaetoous. 

^  10L  Wlut  are  the  sjrmptotn^  of  fi^poiaoki  ?  Do  tbey 
bear  stay  TOsoubbiice  to  those  of  the  poison  of  copper  <>r  other 
mincmd  prason,  or  pbison  from  the  vegetable  kk^gdiHti  ?  Is 
there  any  antidote  againsb'it  thdt  can  be  used  at  tables  bu<&  as 
oil,  HiMSjiiiq^  vinegw,  wine,  spirits^  or  apsees^  and  what  wre 
the  best  T&nediea  and  modea  of  tveatment  aftei"  the  poison  has 
taken  eflbet?"^ 

The  replies  ftom  the  majority  of  ev»  the  oldest  reeidenters 
in  the  West  Indies  professed  total  inexperience  of  the  sabject, 
So  tare  it  seems  is  the  accident  j  but  ^om  othera  of  them  some 
valuable  information  was  obtained*  l^romf  the  aeeount  of  my 
friend  Dr  Kugei^  of  Antigua,  it  would  appeafr  that  th^  yel- 
low-billed sprat  is  at  times  the  strongest  native  imprepared 
poison  probably  in  existence,  Negroes  having  fallen  down  dead 
when  in  the  act  of  eating  it,  with  part  of  the  fish,  though  a  ve- 
ry small  one,  in  their  mouths  i  and  the  same  difect  has  been 
produced  on  a  dog,  from  giving  him  a  single  fish  to  eat.  It  is 
even  recotded  by  Dr  Chisholm  of  Grenada*,  that  a  white 
person,  having  unwarily,  what  eating  sprats,  put  one  of  the 
yellow-billed  into  his  mouth,  and  immediately  spit  it  out 
again,  wheh  informed  of  his  mistake,  without  swaHowing  any 
portion,  but  only  masticating  it,  died  neverthdess  from  the 
efiects  of  the  poison.  Tliese  accounts  were  confirmed  by  Mr 
GrRiFFiN,  staff-surgeon  of  St  Kittys,  who  stated  a  remarkable 

VOL.  ix.  p.  I.  K  occurrence 
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occurrence  of  the  kind  that  had  lately  taken  place  in.  that 
island.  Dr  Osbornb  of  Antigua,  by  whom  all  the  above  was 
fully  admitted,  professed,  nevertheless,  much  confidence  in  the 
precaiition  of  gutting  the  fish,  and  stated  an  instance  of  a 
Creole  lady,  who  would  venture  to  eat  the  yellow-billed  sprat 
at  all  times,  when  she  could  depend  on  the  fishermen  cleaning 
them  out  as  soon  as  caught ;  but  this  must  in  all  probability 
have  been  owing  to  peculiar  idiosyncrasy  in  the  person^  as  no 
cleaning  out  of  the  fish,  however  promptly  and  perfectly  per* 
formed,  rendered  them  safe  to  otJhers.  It  was  proven  at  the 
same  time,  by  a  report  from  an  eminent  physician  at  Marti* 
nique,  transmitted  through  Staff-surgeon  Woulfe,  that  not 
even  saltitig  the  fiish  afler  cleaning  it,  could  at  all  times  do 
away  the  poisonous  quality ;  a  family  in  that  island  having  just 
been  severely  poisoned  by  eating  a  baracopta  that  had  been  in 
salt  twenty-four  hours.  The  blacks  always  profess  the  ut- 
most dread  for  the  yellow-billed  sprat,  during  the  months 
when,  accoriding  to  their  vulgar  saying,  the  coral  is  in  blossom, 
but  at  other  times  they  eat  them  without  scruple,  and  with  im- 
punity, givii^  no  other  rjBason  but  that  ^he  season  of  danger  is 
past.  I  see  no  room  to  doubt  of  the  madrepore  being  in  par- 
ticular activity  at  certain  seasons  of  the  year,  and  that  fisher- 
men are  more  sensible  of  the  growth  of  coral  at  these  times 
than  at  others ;  but  1  think  there  is  much  reason  to  doubt  of 
thii?  growth  at  all  affecting  the  quality  of  tbe  fish  that  feed  up- 
on the  corallines,  seeing  that  Barbadoes^  which  is  a  coral  for- 
matiop  in  all  its  coasts  and,  shores,  ^s  of  all  the  islands  in  the 
West  Indies,  the  one^  I  believe,  where  poisoEous  fisli  are  most 
rarely  seen.  Besides,  it  is  not  pn  the  coasts  of  coral  fbrniation 
where  these  animals  are  commonly  fouiuL  Antigua  may  be 
a  partial  exception  ;  but  their  more  favourite  resort  would  ap- 
pear to  be  the  shores  of  the  volcanic  islands  of  the  West  In- 
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dies,  such  as  the  leeward  shore  of  Guadaloiipe,  immediately 
under  the  great  Soufiriere,  where  hot  boiling  springs  are  found 
within  the  high-water  mark,  or  in  the  channel  between  the 
volcanic  promontories  of  St  Kitt  and  St  EustaUa,  where  the 
fish  are  so  remarkably  poisonous,  that  fishermen  rarely  exer* 
cise  their  trade  in  that  part  of  the  sea*  It  abounds,  I  have 
heard,  in  a  particular  manner,  with  the  yellow-billed  sprats, 
And  no  inhabitant  wiH  venture  to  eat  a  baracoota  or  other 
large  fish  taken  diereabout. 

Most  of  the  accounts  agreed  in  wli^t  I  had  myself  ohser* 
ved,  of  the  fish  that  proved  poisonous  being  always  in  the  ve« 
ry  best  condition,  and  generally  the  largest  of  their,  speeies^ 
without  marks  of  disease  of  any  kind  in  any  part  of  them^  and 
I  never  heard  of  a  single  exception  to  this,  the  su^rer?  ha- 
ving always  been  induced  to  eat  heartily,  from  the  peculiar 
excellence  of  the  fish ;  and  all  who  were  capable  of  examining 
the  subject,  were  convinced  of  the  inutility  and  frivolity  of  the 
tests  usually  employed,  such  as  boiling  a  piece  of  silver,  && 
with  the  fish,  adducing,  instances  whene  the  s^v^est  poison 
had  been  received  when  the  test  declared  security,  and  vice 
vena;  the  only  test  hitherto  discovered^  ia  the  least  to  be  de- 
pended on,  being  that  of  giving  a  portion  of  the  fish,  the  ofial 
in  preference,  to  a  cat,  a  duck,  or  a  pig,  and  witnessing  its  ef- 
fects upon  them,  before  proceeding  to  make  use  of  it 

The  commonly  received  opinion,  too,  of  copper  banks  at  the 
bottom  of  the  sea,  that  is  to  say,  uncovo'ed  aqd  insoluble  cop- 
per ores  in  contact  with  the  waters,  the  very  existence  of 
which  is  a  most  improvable  gratuitous  supposition,  communi- 
cating a  poisonous  qui^ity,  such  as  that  found  in  the  yellow- 
billed  sprat,  to  the  wandering  fishes  that  roam  in  the  waters, 
I  need  scarcely  say  to  the  Society,  was  refuted  and  shewn  to 
be  impossible ;  as  well  m  another  opinion,  almc^t  as  general, 
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that  die  stinging  blubbers  (the  Medmcs  and  Holothwrkt)  which 
we  have  no  reason  to  suppose  that  fishes  errer  eat,  communi- 
cated the  poisonous  quality.  Another  article  in  the  creed  of 
the  French  Creoles  on  this  subject,  viz.  that  fidi  were  made 
poisonous  by  eating  the  deadly  manchineal  apples  that  were 
carried  by  the  rivers  into  the  sea,  was  too  absurd  to  be  inves- 
tigated, as  its  obvious  refutation  was  at  once  conveyed,  in  the 
fact  of  no  poisonous  fishes  having  ever  been  found  in  any  of 
the  numerous  rivers  that  flowed  or  stagnated  amongst  graves 
of  the  manchineal  tree ;  but  they  believed  it  from  the  curious 
circumstance  which  induces  me  to  mention  their  opinion  here^ 
of  the  sea-water  being  an  excellent  remedy  against  the  man- 
chineal poison  ;  and  they  therefore  believed,  that  firom  having 
the  remedy  so  perfectly  at  hand,  the  fish  could  eat  with  im- 
punity what  made  him  so  dangerous  an  article  of  food  to  those 
who  catdied  him. 

From  the  whole  of  our  inquiry,  I  think  it  was  established, 
that  no  fish,  witli  the  exception  of  the  yellow^billed  sprat, 
which,  from  its  small  size,  is  fitted^  to  be  the  prey  of  inmost 
ev^ry  othw,  could  be  called  regularly  or  certainly  poisotiMs 
at  any  time;  but  that  with  dl  the  rest  it  was  an.  accidental  va^ 
riety,  eommunicated  from  some  particular  kind  of  food.  That 
in  the  larger  fishes  of  prpy^  the  poisonous  quality  most  pro- 
bably arose  from  their  having  recently  preyed  upon  the  yellow- 
billed  sprat  (these  fishes  being  found  most  frequently  poison- 
ous where  the  yellow-billed  sprat  abounds),  but  in  all  of  that 
description,  it  would  apj^ar  to  be  a  transitory  quality,  com- 
municated to  the  animal  from  the  food  he  had  ju&rt  eaten,  and 
passing,  away  soon  after  its  digestion  was  completed  ;r-*a  sup- 
position the  less  improbable,  when  we  consider  the  quickness 
of  the  process  df  digestion,  that,  from  the  shortness  of  tlie  ali- 
mentary canal,  and  gre^t  size  of  the  liver,  must  take  place  in 
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Uiese  votacioua  Animals.  How  else  are  we  to  account  for  the 
tmAso  often  mtnessed  by* ships  crews,  or  in  fleets,  c^two  dol* 
phins  caught  on  the  same  line,  the  one  proving  wholesome, 
the  otha:  poisonous  ;  or,  amongst  other  species,  for  one  or  two 
onlj  of  a  shoal,  can^t  in  the  same  net,  proving  dangerous  to 
eat ;  or  for  the  chances  being  so  much  greater,  of  falling  in 
with  the  larger  poisonous  fishes,  where  poisonous  prey 
abounds,  yet  the  poisonous  quality  of  the  former  never  being 
sure  or  permanent  ?  I  have  laid  so  mueh  to  the  account  of  the 
ydttow-'biUed  qnrat,  that  I  was  looig  much  pozaled  to  aocoimt 
ibr  wcU  authenticated  instances  of  the  lai^er  fidies  having 
noffeitban  once^  thou^  certainly  very  rarely,  been  found  peir 
steooB  at  Bavhadoes,  on  the  coasts  of  which  I  believe  that  the 
yellow4)iUed  sprat  is  never  seen;  and  it  was  not  till  aftc»r  I 
had  been  a  long,  time  in  the  island,  I .  ascertained  b^ond  all 
doubt,  that  .the  smaller  Joc^^sA,  a  spocies  <^  the  Peroa  ma* 
rma^  well  fitted  from  their  size  to  serve  the  same  purpose  of 
prey  to  ihe  laiget  fish  as  the  sprats,  were  occasionally  poison-* 
ens  in  some  ofithe  baystat  the  north-east  end  of  the  island. 
,\Q^fMj¥fiiifoefUa^  is  th*t  communicates  the  poi-^ 

sdnous  tjuality  ltd  ^e  smaller  fishes  mentioned  in  this  paper^ 
tiie  question^  in  respect  to  discovery  of  cause,  migfat-^be  oonsi^ 
dered  «s  at  rest  The  existence  of  a  local  marine  poisoui  when 
ebted  by.theifish,  conunumcating  noxious  impr^nation,  or  iur 
herent  poisonous  quality,  in  those  little  animals,  may  both  be 
inlerred  and.  disproved  on  nearly  equal  grounds.  The  fir^ 
would  seem  very  probablo,  from  the  local  and  temporary  na- 
ture of  the  quiUilo^  in  ii^gard  to  place  and  season,  were  it  not 
that  the  dreadful  potency  of  the  impr^nation  renders  it  most 
unlikely  that  it  could  be  derived  from  any  species  of  food 
whatever,  or  be  otherwise  than  inherent  in  the  fish,  to  say  no- 
thing of  its  incommunicability,  in  the  case  of  the  yellow-billed 
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sprat,  to  other  fishes  of  the  same  size  and^nus,  sncji  as  the 
white  sprat,  which  is  always  found  in  the  same  place,  and  may 
be  supposed  to  feed  in  the  same  way. 

The  subject  is  of  great  importance,  for  no  misfortune  can  be 
conceived  more  terrible,  even  when  death  does  not  ensue, 
than  being  served  with  this  undistinguishable  poison  in  the 
fh&pe  of  the  edible  fishes,  the  best  and  most  delicious,  as  well 
as  the  most  common  food  by  far,  whidi  the  Caribbee  islands 
afford.  Most  pitiable  cases  were  related  to  me  in  the  French 
settlements,  by  persons  worthy  of  credit,  where  the  patients, 
after  escaping  with  difficulty,  from  imminent  death,  suffered 
during  the  rest  of  their  lives  all  the  miseries  of  exfoliation  of 
the  bones  with  hidecxis  ulcerations,  or  paralysis,  and  ail  its  di* 
stressing  accompaniments;  and  the  sande  accoimts  are  confirm''- 
ed  by  Dr  Thomas,  who  practised  long  in  the  West  India  colo- 
nies, in  the  2d  edition  of  his  Practice  of  Physic.  For  these 
secondary  symptoms  no  adequate  remedy  could  of  course  be 
found ;  but  as  an  antidote  to  the  poison,  before  it  could  have 
time  to  operate  in  this  baneful  manner,  there  could  be  no 
doubt  of  the  astonishing  efficacy  of  sugar,  more  particulariy  in 
the  form  of  the  expressed  cane  juice.  This  fact  was  establish* 
ed  by  a  great  body  of  evidence,  and  to  my  mind  it  in  some 
degree  explained  the  curious  circumstance  of  white  guests  ge- 
nerally escaping  better  from  the  fish-poison  than  their  black 
domestics,  at  the  same  entertainment ;  the  former  making 
use  of  punch,  sweet  liqueurs,  &c  which  seldom  fall  to  the  IcA 
of  the  latter,  for  we  had  no  clear  proof  of  any  spice  or  season- 
ing, or  vinous  or  spiritous  liquor,  that  did  not  contain  sugar, 
possessing  any  efficacy  as  an  antidote. 
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I  feel  that  I  owe  an  apology  to  the  Society  for  having  thus 
offered  a  paper  to  their  notice^  which  proves  so  little ;  but  the 
subject  belongs  to  an  element  into  which  we  cannot  enter,  and 
all  familiar  knowledge  of  its  inhabitants  must  consequently  be 
impossible* 
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III.     Account  of  a  Mineral  from  Orkney.     By  Thomas  Stew- 
ART  Traill,  M.  D.  R  R.  S.  Edin. 


(Read  April  21.  1817  J 


W  HiLE  examining  an  abandoned  lead-mine  in  the  vicinity 
of  Stromness,  in  the  year  1803, 1  found  a  mineral  which,  from 
its  weight  and  appearance,  I  supposed  to  be  carbonate  of  ba- 
rytes.  A  few  hasty  experiments  soon  convinced  me  that  it 
was  a  different  substance ;  but  circumstances  occurring  which 
prevented  a  more  accurate  investigation,  the  mineral  lay  ne- 
glected among  the  duplicates  of  my  collection  till  last  autumn, 
when  having  menticmed  my  doubts  and  conjectures  respecting 
it  to  my  friend  Dr  Murray  of  Edinburgh,  I  was  strongly 
urged  by  that  gentleman  to  undertake  its  analysis.  During 
his  short  visit  to  Liverpool,  a  few  preliminary  experiments 
were  b^un,  from  which  it  appeared,  that  the  mineral  contain- 
ed carbonate  of  strontia,  and  I  have  since  completed  its  che- 
mical examination. 

I  may  here  observe,  that  a  specimen  having  previously  been 
submitted  to  several  very  able  mineralogists,  they  were  un- 
able, from  its  external  characters,  to  ascertain  its  nature ;  a 
circumstance  which  afibrds  a  fresh  proof  of  the  necessity  of 
uniting  chemical  investigations  to  a  knowledge  of  the  external 
appearance  of  mineral  bodies. 

VOL.  IX.  p.  I.  L  External 
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External  Characters  of  the  Mineral. 

Its  colour  in  the  fresh  fracture  is  greyish-white,  passing 
into  pale  yellowish-white,  where  it  approaches  the  surface  of 
the  specimen,  which  is  weathered. 

It  occurs  in  masses,  of  various  sizes,  dispersed,  along  with 
iead-glance,  in  a  species  of  coarse  slate,  which  may  perhaps  be 
considered  as  shale  passing  into  clay-slate  ^.  This  rock  ap- 
pears to  rest. on  mica-slate,  which  is  in  connection  with  gneiss 
and  small-grained  granite,  rocks  which  occur  in  no  other  part 
of  the  Orkney  Islands  constituting  mountain  masses*  The 
mineral  perhaps  may  occur  crystallised,  for  it  has  a  distinct 
crystalline  texture ;  but  the^  specimens  I  found  were  so  mach 
ad:ed  on  by  the  weather,  that  no  trace  of  crystalline  figure  is 
discernible. 

The  lustre  is  shining  «id  pearly  in  the  principal  fracture ; 
glistemng  and  resinous  in  the  cross-fracture.  The  weathered 
surface  is  earthy  and  dulL 

The  princip^  fracture  is  radiated,  somewhat  div^^ng ;  the 
cross  fracture  is  uneven,  approaching  to  splintery*  The  mine- 
ral  is  transluc^it  where  firesh^  but  opake  e&temally* 

It  is  soft }  so  as  easily  to  be  scratched  by  a  knife ;  it  scratches 
calc-spar,  but  not  fluor-^par* 

It  is  rather  brittle,  and  easily  frangible. 

It  is  heavy*  Its  specific  gravity  ii  3*7,  or  more  ftC€Oratdy 
3703,  to  water  as  lOOa 

Chemical 


*  I  here  state  my  own  impresaon  at  the  time  whea  the  miaeral  wa9  faimd :  bol 
Professor  Jameson,  to  whose  authority  I  pay  the  greatest  deferaice^  has  obser- 
ved, in  a  ^m^n/k  \oiag  9tgo  printed,  that  the  roeks  in  that  neighbourhood  consist  of  a 
mineral  <<  int^inediaie  hekoem  shi^kM  and  inth/raied  dag.'^'^Myutdlogy  of  {he 
Scottish  Islesy  vol.  il  p.  9SS. 
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Chemical  Characters. 

It  is  insoluble,  or  nearly  so,  in  water. 

It  effervesces  briskly  with  acids,  and  is  partly  dissolved. 

It  is  infusible  before  the  common  blowpipe,  and  resists  the 
ordinary  temperature  of  a  smith's  forge,  when  subjected  to  it 
in  a  crucible ;  but  loses  in  weight,  becomes  white,  and  more 
hard  than  before.  This  process  rendered  it  partly  soluble  in 
water,  to  which  it  imparted  an  acrid  taste,  alkaline  qualities, 
and  the  odour  of  sulphuretted  hydrogen. 

A  fragment  of  the  mineral,  thrown  into  strong  sulphuric 
acid,  effervesced,  and  formed  a  white  powder  of  little  solubi- 
lity. 

With  concentrated  nitric  and  muriatic  acids  there  was,  at 
first,  a  brisk  effervescence,  which  soon  ceased ;  but  was  rqpeat- 
edly  renewed,  on  successive  additions  of  small  quantities  of 
water.  In  both  cases  a  portion  was  dissolved ;  the  scdution 
was  transparent  and  colourless,  and  crystallizable  on  evapora- 
tion. 

On  adding  prussiate  of  potassa  and  iron  to  the  muriatic 
solution,  no  change  was  at  first  perceptible ;  but  after  some 
time,  a  faint  bluish  tinge  might  be  distinguished.  By  digest- 
ing muriatic  acid  on  the  insoluble  residue,  a  deep  blue  colour 
was  obtained  cm  the  addition  of  the  same  re-agent. 

Chemical  Examination  of  the  Mineral. 

The  preliminary  experiments  by  which  its  chemical  charac- 
ters were  ascertained,  shewed  that  it  was  resolvable  by  the  ac- 
tion of  muriatic  acid  into  gaseous,  liquid,  and  solid  substances, 
each  of  which  became  the  subject  of  investigation. 

l2  a. 
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A. 

The  gas  disengaged  was  found  by  experiment  to  be  caibo- 
nic  acid* 

R 

1.  The  muriatic  solution,  when  separated  by  the  filter  firom 
the  undissolved  residue,  was  evaporated  to  dryness,  and  cry- 
stallised from  a  fresh  solution  in  water  *.  The  crystals  were 
slender  prisms,  with  two  of  the  lateral  planes  broader  than  the 
rest ;  were  persistent  in  the  air,  and  had  all  the  chemical  cha- 
racters of  muriate  of  strontia.  Their  solution  was  not'preci- 
pitable  by  ammonia,  but  potassa  separates  a  portion  of  the 
earth  with  the  peculiar  phenomena  detailed  in  Dr  Hope's  va- 
luable paper  in  volume  iv.  Phil.  Trans.  Edin. 

2.  The  nitric  solutions  gave  small  brilliant  crystalline  flakes; 
and  these  were  also  formed  on  the  addition  of  nitric  acid  to 
the  muriatic  solution,  but  were  speedily  dissolved  on  the  addi- 
tion of  water. 

3.  In  order  to  satisfy  myself  still  farther  that  the  muriatic 
salt  had  a  base  of  strontia,  a  very  dilute  solution  of  sulphate  of 
soda  was  dropt  into  a  concentrated  muriatic  solution  of  the  mi- 
neral J  but  no  precipitate  was  formed :  when  the  sulphate  was 
less  diluted,  a  precipitate  fell,  thou^  less  copious  than  when 
added  to  a  similar  solution  of  muriate  of  barytes,  but  more 
abundant  than  with  muriate  of  lime. 

4.  After  separating,  by  successive  crystallizations,  the  cry- 
stals from  the  muriatic  solution,  a  small  quantity  of  an  acrid 

and 


*  The  first  addition  of  water  caused  a  considerable  evolution  of  caloric. 
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mod  very  deliquescent  sslt  remained  in  the  bottom  of  the  cap- 
-sule.  It  was  decomposed  by  oxalate  of  potassa,  when  a  high- 
ly insoluble  subst^ice,  not  soluble  in  excess  of  oxalic  acid,  was 
obtained.  Calcination,  and  idie  action  of  sulphuric  acid,  pro- 
ved that  the  oxalate  of  lime  had  been  formed. 

5.  The  greyish-white  powder,  which  remained  after  the  cal- 
cination of  the  oxalate,  was  wholly  soluble  in  water,  and  form- 
ed a  bulky  precipitate  with  sulphuric  acid.  The  washings  o£ 
this  precipitate  were  not  rendered  turbid  by  phosphate  of  am- 
monia, nor  was  any  change  produced  by  the  muriate  of  am> 
monia.  These  experiments  shew  that  the  muriatic  solution 
of  the  mineral  contained  no  magnesia,  nor  argil,  nor  any  ap- 
preciable quantity  of  iron. 

The  peculiarity  attending  the  action  of  concentrated  nitric 
and  muratic  acids  on  the  mineral  is  worthy  of  notice,  as  afford- 
ing an  additional  diagnostic  mark  between  carbonate  of  stron- 
tia  and  carbonate  of  bary tes.  It  will  be  recollected  that  those 
acids  acted  at  Jir$t  upon  the  mineral  from  Orkney,  but  that 
the  effervescence  soon  ceased,  unless  water  were  added.  In 
order  to  compare  the  two  carbonates  more  accurately,  the  fol- 
lowing experiments  were  instituted. 

a.  A  fragment  of  native  carbonate  of  strontia  from  Strontian 
was  thrown  into  muriatic  acid ;  a  strong  effervescence  ensued, 
but  soon  ceased  :  it  was  however  immediately  renewed  on  the 
addition  of  water ;  just  as  had  happened  with  the  mineral  from 
Stromness. 

h.  Into  a  portion  of  the  same  acid  was  dropt  a  fragment  of 
carbonate  of  barytes  from  Anglezark,  which  had  been  entirely 
freed  from  loose  particles  ;  no  effervescence  took  place,  untfl 
water  was  added ;  but  when  a  portion  of  the  same  specimen, 
reduced  to  powder^  was  thrown  into  a  fresh  portion  of  the 
tacid,  effervescence  instantly  commenced. 

c.  A 
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c.  A  solid  fragment  of  Carrara  marble  was  attacked  and  dis- 
solved by  a  portion  of  the  same  acid^  without  the  addition  of 
water.  - 

Hence  we  may  consider  carbonate  of  strontia  intermediate, 
in  its  habitudes  with  this  acid,  between  carbonate  of  barytes 
and  carbonate  of  lime  ;  and  th^e  peculiarities  afford  an  easy 
method  of  distinguishing  these  three  native  carbonates  from 
each  other. 

From  the  preceding  experiments  we  may  conclude,  that 
the  portion  of  the  mineral  from  Orkney,  which  is  soluble  in 
muriatic  acid,  consists  of  carbonate  of  strontia,  a  little  carbo- 
nate of  limte,  and  a  minute  trace  of  iron. 

C. 

The  undissolved  residue  of  the  former  experiments  had  a 
yellowish-white  colour,  and  was  totally  insoluble  in  water. 
The  calcination  of  a  portion  of  the  mineral  had  shewn  that 
sulphur  entered  into  its  composition,  as  sulphuretted  hydrogen 
was  given  out  on  the  addition  of  water.  The  probable  origin 
of  this  had  been  the  decomposition  of  a  sulphate.  No  trace  of 
a  sulphate  had  appeared  in  the  acid  solutions,  and  therefore 
we  may  conclude  that  the  sulphate  exists  in  the  insoluble  re- 
sidue. 

1.  A  portion  of  this  residue  was  boiled  with  a  concentrated 
solution  of  carbonate  of  potassa  in  a  silver  vessel.  It  was  then 
washed  to  free  it  from  alkali ;  and  on  finding  that  it  had  be^ 
come  partly  soluble  in  muriatic  acid  with  effervescence,  the 
process  was  several  times  repeated,  and  thus  the  greatest  part 
of  the  residue  was  rendered  soluble  in  muriatic  acid.  What 
remained  in  the  last  process,  was  soluble  in  boiling  sulphuric 
acid,  from  which  it  separated  on  cooling  in  acicular  crystals. 

2.  The 
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S.  The  water  employed  to  wash  the  powder  C  I.  was 
evaporated^  and  crystals  of  sulphate  of  potassa  were  formed. 

d.  The  muriatic  solution  (C.  h)  obtained  by  decomposing  the 
sylphate  by  carbonate  of  potassa,  when  evaporated,  yielded  ta- 
bular crystals,  persistent  in  the  air,  which,  placed  in  the  wick 
of  a  candle,  tinged  its  flame  of  a  yellow  or  greenish-yellow 
hue  i  and  when  dissolved  in  water  afforded  an  instant  precipi-^ 
tate  with  sulphuric  acid,  and  with  the  most  diluted  solutions 
of  sulphate  of  soda. 

4.  Another  portion  of  the  insoluble  residue  was  boiled  with 
eight  parts  of  concentrated  sulphuric  acid  in  a  platina  cup, 
and  was  wholly  dissolved ;  but  on  cooling,  it  separated  in  aci- 
culat  crystals  around  the  edge  of  the  containing  vessel.  These 
crystals  were  acidulous,  even  when  dipt  into  water,  which 
resolved  them  immediately  into  an  insipid  powder  which  was 
a  neutral  sulphate.  When  exposed  to  the  air  this  powder  was 
more  slowly  formed. 

5.  A  third  portion  of  the  insoluble  residue  was  digested 
with  muriatic  acid,  under  the  idea  that  its  colour  indicated  the 
presence  of  iron.  The  acid  became  of  a  yellowish  colour, 
and  ftfforded  a  rich  blue  precipitate  with  prussian  alkali. 

These  experim^its  prove,  that  the  residue  consists  chiefly 
of  Sulphate  of  Barytes.  In  C  1.  the  process  of  Klaproth  was 
employed ;  and  at  each  successive  step,  fresh  portions  of  the 
sulphate  were  decomposed,  by  the  united  aflinities  of  sulphuric 
acid  for  potassa,  and  of  carbonic  acid  for  barytes.  In  C  4. 
MoRETTi's  process  was  followed  %  and,  to  verify  his  results, 
comparative  experiments  were  tried. 

n.  Artificial  sulphate  of  strontia  was  boiled  in  a  platina  cruci- 
ble with  8  parts  of  concentrated  sulphuric  acid ;  a  perfect  so- 
lution 
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kition  took  place ;  the  liquor  was  poured  into  a  glass  capsule^ 
^nd  put  aside  in  a  cool  place ;  no  crystals  appeared  in  12 
hours ;  but  after  several  hours  a  thin  ring  of  amorphous  sul- 
phate was  deposited  around  the  margin  of  the  liquid,  probably 
owing  to  the  absorption  of  water  from  the  air.  The  insoluble 
neutral  sulphate  was  however  immediately  precipitated  from 
the  solution  by  the  addition  of  water. 

b.  Artificial  sulphate  of  barytes  was  treated  in  the  same 
manner ;  a  perfect  solution  was  obtained ;  and  the  liquid  soon 
began  to  form  crystals  around  the  edge  of  the  capsule.  When 
the  air  of  the  room  is  dry,  the  crystals  though  small  are  pretty 
distinct  prisms,  promiscuously  aggregated.  They  are  super- 
sulphates,  agreeing  in  their  properties  with  what  is  stated  a- 
bove  (a). 

c.  Fragments  of  a  transparent  crystal  of  sulphate  of  strontia 
from  Bristol,  reduced  to  powder,  presented  exactly  similar  re- 
sults with  the  artificial  sulphate  (a) ;  and  a  portion  of  a  co- 
lourless crystal  of  sulphate  of  barytes  from  Dufton  near  Ap- 
pleby, was  acted  on  precisely  as  the  artificial  sulphate  [b). 

In  the  mineral  from  Orkney,  the  whole  of  the  residue  in- 
soluble in  nitric  and  muriatic  acids,  was  dissolved  by  boiling 
sulphuric  acid  ;  which  shews  that  there  is  no  silica  present 

The  blue  precipitate,  by  prussian  alkali,  from  the  muriatic 
acid  digested  on  the  residue,  shews  that  oxyde  of  iron  is  uni- 
ted to  the  sulphate. 

The  mineral,  then,  consists  of  carbonate  of^trontta^  carbonate 
of  limey  sulphate  ofbarytes^  and  a  little  oxyde  of  iron.    We  have  • 
yet  to  ascertain  the  proportions  in  which  these  ingredients 
enter  into  its  composition. 

D. 

To  ascertain  the  quantity  of  carbonic  acid  is  important,  as  it 
will  enable  us  to  verify  the  other  results. 

100 
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100  grains  carefully  selected  from  the  purest  and  most  solid 
parts  of  the  specimen  were  broken  into  small  fragments,  and 
dropt  ia  succession  into  a  flask,  containing  a  cubic  inch  of 
muriatic  acid  diluted  with  two  parts  of  water,  which  had  been 
previously  poised  in  a  delicate  balance.  Each  fragment  was 
differed  to  part  with  its  carbonic  acid  before  another  was  ad- 
ded, lest  the  violence  of  the  effervescence  should  dissipate 
Hiay  portion  of  the  liquid  in  the  flask.  After  all  effervescence 
had  ceased  for  some  hours,  the  flask  was  again  accurately 
weighed ;  Yfhen  it  was  found  to  have  lost  21.1  grains.  As 
this  part  of  the  process  requires  peculiar  attention,  the  experi- 
ment was  repeated ;  and  the  average  of  three  trials  gave  21 
grains  as  the  quantity  of  Carbonic  Acid  in  the  mineral. 

This  result  cannot  be  far  from  the  truth,  as  it  was  the  same 
when  nitric  acid  was  employed. 

E. 

To  ascertain  the  quantity  of  strontia  and  lime,  several  experi- 
ments were  undertaken. 

1.  The  muriatic  solution  D.  was  evaporated  to  dryness,  in 
order  to  expel  the  excess  of  acid.  The  saline  mass  was  dis* 
solved  in  water,  and  slowly  evaporated ;  the  crystals  of  mu- 
riate of  strontia  were  successively  separated  ;  but  the  results  of 
several  repetitions  of  the  process  not  coinciding,  a  different  me- 
thod was  employed  to  separate  the  muriates  of  strontia  and 
lime. 

2.  The  nitric  solution  of  the  mineral  was  evaporated  to 
dryness,  dissolved  again  in  water,  and  slowly  crystallized. 
The  crystals  were  digested  with  strong  alkohol,  by  which  ni- 
trate  of  lime  is  dissolved,  but  not  nitrate  of  strontia*  The  crys- 
tals were  washed  by  the  affusion  of  alkohol ;  and  thus  the  two 
salts  were  completely  separated. 

VOL.  IX.  p.  I.  M  3.  The 
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3.  The  quantity  of  strontia  in  the  mineral  could  be  ascer- 
tained by  weighing  the  nitrate ;  but  there  appears  to  me  less 
certainty  in  weighing  crystals  which  contain  water,  and  which 
are  very  soluble,  than  in  reducing  the  earthy  or  other  base 
to  the  state  of  an  insoluble  compound,  that  may  be  moderate- 
ly heated  without  loss  of  weight,  and  the  constituents  of  which 
are  well  known.  Sulphuric  acid  was  therefore  added,  in  ex- 
cess, to  precipitate  all  the  strontia,  and  the  liquid  being  eva^ 
porated  to  dryness  in  the  capsule  in  which  the  precipitation 
was  effected,  and  heated  in  a  platina  crucible  to  expel  excess 
of  acid,  and  water,  afforded  84.6  grains  of  sulphate  of  strontia, 
which,  by  Dr  Wollaston*s  excellent  scale,  is  equivalent  to  68,6 
grains  of  Carbonate  of  Strontites. 

4.  The  alkoholic  solution  (£.  2.)  was  evaporated,  and  afford- 
ed a  tenacious  paste,  which,  when  dissolved  in  water,  precipi- 
tated by  carbonate  of  soda,  washed  and  dried,  weighed  2.6 
grains  ;  this,  then,  gives  us  the  quantity  of  the  Carbonate  of 
Lime  which  enters  into  the  composition  of  the  mineral. 

When  we  compare  these  results,  with  the  quantity  of  car- 
bonic acid  in  the  mineral,  we  find  an  agreement  as  exact  as 
the  nature  of  such  researches  will  permit :  for 

68.6  carbonate  of  strontites  contains         19.60  carbonic  acid  ; 
fL6  carbonate  of  lime  contains        -  1.14  carbonic  acid 

80.74 
or  the  difference  amounts  only  to  0.S6  pe9*  cent. 

F. 

The  examination  of  the  insoluble  residue  was  attempted,  t)y 
boiling  it  with  carbonate  of  potassa,  in  a  silver  vessel ;  but  as 
only  a  portion  was  thus  decomposed  at  each  boiling,  I  thought 
it  best  to  attempt  it  in  the  dry  way. 

Having 
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Having  found  in  some  previous  experiments  that  some  iron 
adhered  to  the  insoluble  residue, 

!•  It  was  digested  with  muriatic  acid,^  which  became  of  a 
yellowish  hue,  and  along  with  the  iron  took  up  a  portion  of 
the  earthy  matter ;  but  diis  was  precipitated  on  the  addition 
of  water.  Its  solution  was  concentrated,  and  precipitated  by 
succinate  of  potassa.  The  precipitate,  washed,  dried,  and 
heated  to  redness  in  a  platina  crucible,  afforded  0.1  grain,  or 
nearly  so,  of  red  Oxyde  of  Iron. 

2.  The  residue  of  the  mineral  was  now  mixt  with  three 
times  its  weight  of  lamp-black,  made  into  a  paste  with  oil,  and 
subjected  in  a  black-lead  crucible  for  two  hours,  to  the  heat-^f 
a  smith's  forge.  The  contents  of  the  crucible  were  then 
thrown  into  muriatic  acid,  which  produced  a  brisk  efferves- 
cence: the  muriatic  solution  was  precipitated  by  sulphuric 
acid ;  it  was  then  evaporated  and  heated,  to  expel  the  excess 
of  acid,  and  what  water  might  adhere  to  it,  and  when  weighed 
=  27.5  grains. 

The  residue  then  consists  of        S7.5  sulphate  otherytesy 
And  -  0.1  oxyde  of  iron. 

87.6 

In  100  grains,  therefore,  of  the  mineral  from  Orkney^  we 
have 

68.6  carbonate  of  strontites. 
^.5  sulphate  of  bary tes. 

S.6  carbonate  of  lime. 

0.1  oxyde  of  iron. 

1st  loss  (probably  water). 
100.0 
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A  question  may  here  arise,  whether  these  ingredients  are 
chemically  combined,  or  only  in  a  state  of  mechanical  admix- 
tare  in  the  mineral?  The  homogeneous  appearance,  and 
crystalline  texture  of  this  substance,  and  the  nearly  uniform 
proportions  of  the  ingredients  obtained  from  it,  by  different 
experiments,  would  lead  to  the  conclusion  that  the  mineral  in 
question  is  a  chemical  compound.  These,  however,  may  be 
the  result  of  an  intimate  mechanical  mixture  of  the  earthy 
salts  of  which  it  is  composed. 

The  iron  appears  to  be  united  by  affinity  to  the  sulphate  of 
barytes,  as  it  is  not  separated  in  any  condderable  degree  du- 
ring the  solution  of  the  carbonates  in  diluted  muriatic  and  ni- 
tric acids ;  but  requires  for  its  separation  from  the  sulphate  o£ 
barytes,  digestion  in  cme  of  those  acids,  after  the  s^aration  of 
the  more  soluble  ingred^nts. 

The  existence  of  carbonate  of  lime  in  this  mineral  is  en- 
teresting.  In  this  particular  it  accords  with  what  has  been  ob- 
served by  ScHMEissER,  Thomson,  and  Stromeyer,  in  native 
carbonate  of  Strontia.  It  is  remarkable,  that  the  portion  of 
carbonate  of  lime  in  the  Orkney  mineral,  is  not  very  different 
from  the  quantity  of  carbonate  of  strontia  in  Arragonite ;  a  cir- 
cumstance which  renders  it  probable,  that  the  carbonate  of 
lime  is  in  a  state  of  chemical  union  with  the  carbonate  of 
strontia. 

Should  this  substance  be  regarded  as  a  variety  of  Strontia- 
nite,  or  as  a  distinct  mineral  species  ?  If  the  latter  conjecture 
be  entertained,  it  will  be  necessary  to  give  it  a  name  ;  which 
may  be  derived,  either  from  its  composition,  as  Sary-Stron- 
tianite,  or  from  its  locality,  as  Stromnite. 


IV. 
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IV.  E(£tract  from  Inspection  Report  of  the  Island  of  Trinidad^ 
made  in  the  year  1816,  by  the  Inspector  of  Hospitals^  in 
conjunction  with  the  Qtuirter-Master  General  and  Chief 
Engineer  for  the  Windward  and  Leeward  Colonies  of 
the  West  Indies.  By  William  Ferguson,  M.  D. 
F.  R.  S.  Edin- 


(Read  Dec.  1.  1817.^ 


xjLaving  heard  at  Port-of-Spain  of  an  appearance  that  went  by 
the  name  of  the  Mud  Volcanoes^  we  took  the  opportunity  when 
surveying  the  southern  quarter  of  Trinidad,  to  examine  them. 
They  are  situated  near  Point  Icaque,  the  southern  extremity 
of  the  island,  on  an  alluvial  tongue  of  land,  that  has  been  ap- 
pended to  the  primitive  rocks,  where  no  doubt  the  land  origi- 
nally terminated.  Hiis  appendage  is  several  miles  in  length, 
and  points  directly  into  one  of  the  mouths  of  the  Oronoko,  on 
the  mainland,  about  twelve  or  fifteen  miles  off. 

We  landed  neariy  opposite  to  where  we  were  told  we  should 
find  the  mud  volcanoes,  and  after  making  our  way  about  five 
miles  through  the  woods,  across  the  sandy  isthmus,  we  came 
upon  two  plantations  very  pleasantly  situated,  amidst  a  group 
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of  remarkable  round  little  hills,  each  from  eighty  to  a  hundred 
feet  in  height  Our  path  on  leaving  these  led  us  through 
some  very  thick  wood  of  tall  trees,  till  we  found  ourselves 
again  upon  a  pretty  steep  regular  ascent,  which  had  nothing 
remarkable  in  it,  except  the  diminishing  height  of  the  trees  as 
we  went  up.  Only  the  tops  of  these  trees,  which  were  of  the 
kind  that  usually  grow  near  lagoons  and  salt  marshes,  at  last 
appeared  above  the  ground,  as  we  opened  a  perfectly  uniform 
round  bare  platform,  of  several  acres,  with  different  chimneys 
in  the  shape  of  truncated  cones,  the  highest  of  them  not  ex- 
ceeding three  feet,  some  of  which  were  throwing  out,  with  a 
strong  bubbling  noise,  salt  water,  about  as  salt  as  that  of  the 
Gulf  of  Paria,  loaded,  as  much  as  it  could  be,  to  preserve  its 
fluidity,  with  argillaceous  earth.  In  some  of  the  chimneys  this 
went  on  slowly,  or  not  at  all ;  in  others  it  might  be  called  a 
pretty  active  cold  ebullition.  The  3urface  of  the  platform 
round  the  chimneys  was  perfectly  firm,  and  one  of  our  party 
picked  up  a  white  sea  shell,  of  the  turbinated  kind,  in  the  act 
of  being  thrown  out  along  with  the  mud. 

We  afterwards  procured  various  pyritic  fragments  that  had 
been  picked  up  in  a  similar  manner ;  but  the  inhabitants  of  the 
quarter  assured  us,  that  the  ebullition,  even  during  its  greatest 
activity,  was  quite  cold.  The  smooth  circular  platform  of  the 
chimneys  was  bounded  by  a  perfectly  regular  parapet  of  clay, 
about  three  feet  in  height,  propped  up,  as  it  were,  by  the  tops 
of  the  trees,  that,  like  shrubs,  were  shooting  out  of  the  ground 
immediately  behind  it.  This  appearance  was  most  likely  to 
be  referred  to  the  buried  trees  around  having  had  time  to 
shoot  out  in  the  interval  between  the  two  last  great  eruptions, 
which  take  place  only  during  the  hottest  months  of  dry  sea- 
sons, and  then  the  noise  is  described  to  be  like  the  loudest 
cannon,  the  mud  being  thrown  up  to  the  height  of  at  least 
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thirty  feet  in  the  air,  and  the  theatre  of  the  eruption  being 
unapproachable  within  fifty  paces. 

Close  to  the  first  volcano,  but  in  a  much  more  low  and  sunk 
situation,  is  another  of  precisely  the  same  appearance  and  cha- 
racter, with  only  a  narrow  ravine  between  the  two. 

Such  an  extraordinary  phaenomenon  induced  us  to  exa- 
mine the  neighbouring  mounts  of  the  cleared  country,  close 
to  the  nearest  of  which  stands  the  residence  of  Mon- 
sieur Chancelier,  a  French  planter,  and  we  found  them 
all,  (bating  only  the  eruption)  to  possess  the  same  form  and 
composition  in  all  respects  as  those  we  had  just  quitted.  The 
platform  and  parapet  were  easily  distinguishable,  the  chimneys 
only  were  gone,  but  small  pits  were  left  in  their  places,  filled 
with  mud,  from  which  air-bells  rose  even  under  our  own  ob- 
servation, and  our  conductor,  the  intelligent  manager  of  the 
estate,  told  us,  that  when  these  rose  in  salt-water,  a  firesh  erup- 
tion was  to  be  apprehended.  He  pointed  out  the  former  site 
of  his  master's  residence,  half-way  up  the  mount,  which  had 
been  destroyed  by  one  of  these  eruptions,  after  a  period  of 
cessation  so  long,  that  no  record  remained  of  the  one  that  had 
preceded  it,  and  he  assured  us,  that  during  the  period  he  had 
lived  there  (fourteen  years)  the  largest  mount  now  in  activity 
had  gained  a  very  considerable  increase  of  height. 

I  have  been  thus  particular  in  detailing  (though  at  most  ir- 
relevant length,  in  a  military  report)  this  curious  phaenome- 
non,  from  a  belief  that  it  has  not  been  treated  of  by  any 
author,  and  that,  when  investigated  by  scientific  men,  new 
light  may  be  thrown  on  the  original  formation  of  argillaceous 
hills  in  situations  where  it  might  otherwise  be  difficult  to  ac- 
count for  their  appearance. 

The  magnificent  isolated  mountain  of  Tamanaa,  in  the  centre 
of  the  great  eastern  marsh,  unconnected  with  any  chain  of 
hills,  and  at  an  immense  distance,  on  every  side,  from  what 
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may  be  called  terra  Jirma^  may  be  supposed,  till  examined, 
to  have  arisen  from  the  plain,  through  the  means  of  some  si- 
milar elaboratory  in  the  works  of  nature.  I  have  said,  till  exa- 
mined,— ^for  its  approaches  are  so  barred  by  the  thickest  woods, 
and  deepest  swamps,  where  the  boa^,  the  alligator,  and  all 
the  venomous  reptiles  of  the  parent  continent,  still  retain  the 
sovereignty  of  the  soil,  that  the  most  determined  and  enterpri- 
sing have  never  yet  been  able  to  penetrate  to  its  base. 


♦  Even  the  rattlesnake,  we  were  assured,  was  found  here,  one  haying  been  kill- 
ed on  the  banks  of  the  Guanapo  the  day  before  we  viated  it  The  no  less  vencnnous 
mapapi  Qance  dujer  of  the  French)  more  formidable  on  account  of  his  irritable 
nature,  and  greater  size  (one  was  killed  in  the  Napoareme  eleven  feet  long),  comes 
occasionally  into  the  cultivated  country,  as  well  as  the  smaller  pcnsonous  coral 
snake  and  others.  I  have  not  heard  that  the  dangerous  viper  of  St  Lucia  and 
Martinique  has  been  seen  in  Trinidad ;  but  the  abundance  of  the  b6a  and  alliga- 
tor was  manifested  to  a  degree  that  could  not  otherwise  have  been  believed,  when 
the  great  savanah  of  the  eastern  marshy  and  the  underwood  of  the  grand  lagoon, 
were  fired  during  a  very  dry  season  several  years  ago.  This  brought  all  to  light 
from  their  different  hiding  places,  and  the  dead  carcases,  as  marked  by  the  hover- 
ing  of  the  vulture  and  carrion  crow,  were  so  numerous,  that  the  air  was  infected 
for  miles  with  the  stench 


V. 
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V.  Memoir  on  the  Repeating  Reflecting  Circle.  By  Major* 
General  Sir  Thomas  Brisbane,  F.  R.  S.  £.  Corresponding 
Member  of  the  Academy  of  Sciences. 


(Read  Feb.  15.  1819.; 

XlLAyiNG  had  frequent  opportunities,  during  my  residence  in 
France,  of  seeing  a  great  many  Repeating  Reflecting  Cir- 
cles, several  of  which  I  have  observed  with,  and  having  found 
much  consistency  in  the  results  deduced  from  observations 
made  with  them,  it  occurred  to  me,  4;hat  if  I  could  engage  Mr 
Troughton  to  execute  one  for  me,  it  would  be  a  most  perfect 
instrument  This  he  accordingly  did ;  and  I  trust  that  the 
observations  made  with  it,  which  I  am  about  to  communicate, 
will  perfectly  justify  the  opinion  I  had  formed  of  its  precision. 
The  instrument  is  only  of  about  six  inches  radius,  divided  in 
gold  to  20".  I  have  always  been  in  the  habit  of  choosing  for 
latitudes  80  repetitions,  when  the  weather  would  permit,  divi- 
ded into  three  series  of  10  each,  and  reading  the  angle  or  arc 
run  through  during  the  series,  which  completely  destroys  every 
imperfection  of  the  division,  or  reading.  In  order  to  deter- 
mine the  time,  I  have  always  found  six  repetitions  quite  sufli- 
cient  to  give  it  a^  correct  as  equal  altitudes.  Of  these  I  also 
generally  observe  three  series,  in  order  to  take  the  mean. 
These  observations  I  have  repeatedly  verified  by  equal  alti- 
voL.  IX.  p.  I.  K  tudes. 
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tudes,  and  found  the  results  the  same.  I  have  also  ascertain* 
ed  the  accuracy  of  the  instrument  from  latitudes  determined 
by  a  sixteen  inch  repeating  circle  with  a  moveable  axis^  and 
level  of  Reichenbach's,  with  which  I  had  frequently  observed 
at  Valenciennes,  Blandecques,  &c  ;  and  it  is  but  justice  to 
say,  that  in  these  instances,  Mr  Troughton's  circle  gave  the 
same  results  to  a  second.  I  beg  to  be  permitted  tobe  a  little 
more  particular  than  I  otherwise  should,  as  to  the  mode  I  have 
pursued  in  calculating  and  deducing  latitudes  from  this  instru- 
ment, as  it  is  not  by  any  means  as  yet  generally  known  in 
England,  although  I  have  no  doubt,  that  when  quite  under- 
stood, it  will  be  found  to  surpass  all  other  instruments  of  its 
size,  for  simplicity  and  accuracy,  rand  I  am  desbous  that 
amateurs  may  profit  from  the  experience  I  have  had  for  some 
yearis  of  its  advantages. 

In  order  to  determine  the  apparent  time  by  the  clock  or 
chronometer,  I  generally  begin  two,  three,  or  four  hours  be- 
fore noon,  to  take  the  three  series  of  repetitions,  and  from  the 
observed  angles  I  infer  the  time,  as  pointed  out  in  my  former 
memoir  on  the  sextant  If  the  altitudes  corresponding  to 
these  can  be  obtained  in  the  afternoon,  I  prefer  equal  altitudes, 
or  otherwise  the  simple  repetitions  made  both  before  and  af- 
ter noon  combined,  and  the  mean  taken. 

I  generally  begin  to  repeat  about  T  before  the  sun's  passage 
over  the  meridian,  which  leaves  ainple  time  for  the  three  se- 
ries, the  middle  one  of  which  I  generally  contrive  to  be  divid- 
ed by  noon,  by  which  means  the  errors  are  compensated, 
should  any  exist  in  the  determination  of  the  time,  or  in  the 
reductions. 

The  third  series  is  also  finished  about  the  .7'  past  noon ;  and, 
although  it  is  not  what  I  would  recommend  except  in  i^xtreme 
i!ases,  I  have  been  induced  to  begin  20'  before  noon,  and,  pro- 
vided 
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vided  I  compared  that  repetition  with  one  made  at  nearly  the 
same  distance  past  noon,  I  have  found  the  mean  perfectly 
agree  with  the  truth ;  although,  taken  separately,  neither  would 
have  been  considered  as  good  observations. 

It  now  remains  for  me  to  point  out  the  most  accurate  mode 
of  inferring  the  latitude  from  these  different  series  of  repeti- 
tions. The  most  extensive  Tables  for  these  reductions  are 
given  by  the  Baron  de  Zach.  M.  Biot  has  also  given  a  very 
valuable  Table  for  this  purpose. 

Type  of  the  most  simple  and  most  accurate  mode  for  determine 
%        ing  latitudes  by  the  Repeating  Reflecting  Circle. 

1.  Determine  the  angle  from  the  arc  run  through  during  a 

series  of  repetitions  which  must  always  consist  of  equal 
numbers,  divided  by  double  the  number  of  repeti- 
tions. 
The  angle  being  a  reflected  one,  determine  by  subtrac* 
tion  each  horary  angle,  and  the  corresponding  quantity 
of  correction,  by  M.  de  Zach*s  Tables,  in  his  work,  At^ 
traction  des  Montagues^ 

2.  Determine  the  apparent  altitude  and  zenith  distance. 

3.  Determine  the  refraction  diminished  by  parallax. 

4.  Form  for  each  series  the  sum  of  the  horary  angles.     This 

sum  is  composed  sometimes  of  the  difference  of  the 

sums  before  and  after  noon. 
5^  To  form  the  sum  of  the  quantities  corresponding  to  the 

horary  angle,  from  the  Tables,  which  is  always  the  sum, 

and  never  the  difference. 
6.  When  there  are  several  different  series  of  repetitions  of 

ten  to  calculate  together,  they  become  then  but  as  one 

•eries^  viz.  of  20,  80,  or  40  observations ;  therefore 

N  2  there 
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there  is  nothing  else  to  be  attended  to  than  observing 
the  rules  stated  in  articles  4  and  5. 

7.  Calculate  the  variation  in  declination  for  the  quantity 

corresponding  to  the  sums  No.  4.  This  may  either  be 
done  simply  by  proportions,  worked  by  logarithms,  or 
taken  from  Tables  calculated  for  the  puipose. 

8.  Form  the  apparent  declination  which  will  be  equal  to  the 

true  declination  +  (the  refraction  —  parallax)  +  the 
variation  in  declination  for  the  difference  of  meri- 
dians, +  the  variation  of  declination  for  the  middle  of 
the  series  that  you  propose  to  calculate.  If  the  series 
is  composed  of  10,  20,  80,  or  40  observations,  the  re- 
sult will  be  the  yV^^h,  iVt*^>  \t^K  or  vo  th  of  the  quan- 
tity indicated  by  the  sum  No.  4.  The  sign  +  is  appli- 
ed when  these  quantities  augment  the  declination,  and 
the  sign  —  when  they  diminish  it 

9.  Prepare  the  constant  factor 

Coane  apparent  declination.     Coane  latitude 

Sine  apparent  zenith  distance  * 

10.  Add  the  logarithm  of  the  constant  factor  to  the  loga- 
rithm of  the  sum  No.  5.,  which  gives  the  logarithm  of 
the  meridian  correction. 

11.  Subtract  the  correction  from  the  apparent  zenith  dis- 
tance. 

12.  To  the  result  of  No.  11.  add  or  subtract  the  apparent 

declination  (No.  8.)  which  gives  the  distance  from  the 
zenith  to  the  equator,  or  the  Latitude  of  the  place  of 
observation. 

It  is  almost  unnecessary  to  add,  that  my  artificial  horizon 
has  always  been  quicksilver,  (when  the  situation  would  permit 
me  to  us  it),  covered  with  one  of  Trouohton's  glass  roofs,  as  I 

have 
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have  pointed  out  in  my  former  communication  to  the  Society, 
on  ascertaining  time.  I  have  also  invariably  observed  alternate- 
ly the  upper  and  lower  limb  of  the  sun  during  the  repetitions, 
both  for  the  time  and  latitude ;  by  which  means  the  true  alti- 
tude of  the  centre  is  obtained,  indep^ident  of  the  application 
of  the  semidiameter. 

Two  examples  completdy  worked  out  accompany  this  me- 
moir,  which  it  is  hoped  will  render  it  dear  and  explicit. 

In  the  communication  I  had  the  honour  to  submit  to  the 
Royal  Society  of  Edinburgh  on  the  subject  of  ascertaining  time 
with  accuracy,  and  which  was  read  on  the  2d  February  1818, 1 
intimated  my  intention,  if  that  was  deemed  worthy  of  a 
place  in  the  Transactions^  to  transmit  a  memoir  on  the  repeat- 
ing circle,  which  I  now  beg  leave  to  lay  before  them,  as  I  feel 
confident  that  the  more  practical  astronomers  work  with  that  in- 
strument, so  as  to  understand  it  perfectly,  the  more  they  will 
be  satisfied  with  the  results  obtained  from  it,  which  I  have  al- 
most uniformly  found  to  be  highly  satisfactory.  Even  a  small 
one  of  five  inches  radius,  executed  for  me  at  Paris  by  Messrs 
Jakers,  haii  afforded  me  additional  proofs  of  the  value  of  this 
instrument,  and  the  justness  of  its  principle. 

There  are  one  or  two  remarks  that  I  should  wish  to  make 
on  {he  subject  of  the  adjustments  of  the  instrument,  which  I 
have  leamt  from  some  years  constant  practice  in  observing 
with  it,  and  which  I  think  may  not  be  deemed  unworthy  of 
detailing. 

Although  the  general  nature  and  principle  of  the  adjust- 
ments are  similar  to  those  of  the  sextant,  there  are  others 
whidi  differ.  In  the  first  place,  in  order  to  ascertain  whether 
the  great  and  small  mirrors  are  parallel,  I  place  the  index  at 
zero  O,  and  then  bring  the  sun  seen  direct  and  reflected  in 

contact, 


Digitized  by 


Google 


102  ON  THE  REPEATINO  REFLECTING  CIRCLE* 

contact,  which  I  remark.  I  then  move  forward  the  mdex  90*^^, 
and  thus  I  repeat  the  operation  successively  through  each  qua- 
drant of  the  720^.  Should  they  appear  quite  comcident  during 
the  whole  revolution,  it  is  a  proof  not  only  that  the  two  mirrors 
are  parallel,  but  that  the  plane  of  the  circle  ia  a  true  one^ 
whidi  rarely  happens*  Should  I,  however,  find,  that  the  reflec- 
ted sun  appears  sometimes  to  the  right  and  sometimes  to  the 
left  of  the  one  seen  direct  during  this  operation,  it  leads  me  to 
suspect  that  one  of  two  causes  of  error  exists ;  either  that  the 
plane  of  the  circle  is  not  just,  or  that  the  two  mirrors  are  not 
paralleL  Thia  important  point  I  determine,  by  examining  the 
adjustment  of  the  great  mirror,  which,  if  found  correct,  I  then 
ascribe  to  the  inaccuracy  of  the  plane  of  the  instrument, 
which  deviation  I  distribute  equally  throughout  the  whole 
circle. 

The  next  principal  adjustment,  is  to  aseettam  if  the  tele-- 
scope  be  parallel  to  the  plane  of  the  cirde,  which  lis  done  ei- 
ther by  a  small  proof  telescope  applied  to  the  circle,  when  in  a 
horizontal  position ;  and,  if  the  object  seen  at  some  distance 
appear  in  the  centre  of  that  telescope,  and  the  one  attached  ta 
the  circle,  it  is  a  proof  of  its  correctness.  There  are  generally 
two  small  sights  sent  with  the  circle,  to  ascertain  this  adjust- 
ment. 

Having  careftdly  examined  these,  and  corrected  any  error, 
tf'it  exists,  before  each  day's  observations,  we  may  rest  assured 
that  the  results  will  be  satisfactory,  if  no  error  be  committed 
in  determining  the  time  of  apparent  noon,  the  observations 
properly  noted,  add  the  calculations  rigorously  made  according 
to  the  accompanying  formulae* 

Paris^  25th  March  1819. 
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VL  Description  of  a  Fossil  Tree  found  i»  a  Quarry  at  Nites^ 
hilly  the  Property  of  Colonel  Dunlop  ofHousehill.  By 
the  Rev.  Fatbick  Brewsteb,  one  of  the  Ministers  of  the 
Abbey  Churchy  Paisley. 


(Read  Feb.  1.  ISISJ 


HE  quarry  of  Niteshill,  from  which  this  very  interesting 
petrifaction  was  taken,  lies  about  three  miles  south-east  of 
Paisley,  and  is  part  of  a  coal  formation.  It  consists  of  white 
sandstone,  which  in  many  parts  is  deeply  stained  by  an  im- 
pr^nation  of  iron.  Two  very  thin  seams  of  excellent  coal  oc- 
cur immediately  under  the  sandstone,  with  the  mterveAtion 
of  a  few  feet  of  till  or  blaize.  The  strata  dip  to  the  souths  and 
crop  out  about  a  hundred  yi^rds  north  of  the  spot  from  whence 
the  tree  was  taken.  At  this  spot  the,  face  of  rock  is  about  UTS^r 
teen  feet ;  fourteen  feet  above  the  tree,  and  one  under ;  ano- 
ther foot  being  occupied  by  the  stem  itself 

The  part  which  ^as  been  detached  firom  the  rock  consists 
of  stem  and  roots,  five  &et  of  stem,  and  two  of  roots,  difierqiQt 
views  of  which  I  have  caideavpured,  to  represent  in  figures  1, 
2,&3. 

The  tree  was  fiwuid  in.  contact  cm  every  side  with  the  solid 
rock.    Its  dir^tiot)  was  neady  north  an^  sQtt<;h  y  the  root  end 

pointing 
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pointing  to  the  north,  and  the  line  of  the  trunk  inclining  with 
the  strata  to  the  south  ;  the  dip  being  one  foot  in  seven. 

When  it  was  first  disengaged  from  the  surrounding  mass,  it 
had  a  complete  envelope  of  coal,  incrusting  its  whole  surface : 
but  this  interesting  portion  had  been  removed  by  the  work- 
men before  I  had  an  opportunity  of  examining  it.  Deprived 
of  the  coal,  the  surface  still  bears  a  considerable  resemblance 
to  bark. 

From  the  fracture  of  the  stem  downwards,  the  lines  or  fur- 
rows are  pretty  regular ;  but  as  they  approach  the  root,  they 
meet  and  run  into  each  other.  On  one  side  the  space  between 
them  is  slightly  convex,  while  on  the  opposite  it  is  concave, 
and  somewhat  of  a  fluted  appearance. 

Internally  there  cannot  be  perceived  the  slightest  vestige  of 
any  ligneous  structure.  The  stone  of  the  tree,  however,  is  in 
some  respects  different  from  that  of  the  circumjacent  rock  :  it 
is  in  general  more  compact,  and  contains  more  iron,  and  is 
of  course  specifically  heavier. 

Owing  to  the  impregnation  of  iron,  the  colour  is  in  some 
parts  so  much  deepened,  that  the  workmen  mistook  it  for 
whin.  This  difference  of  colour  and  of  gravity,  however,  is 
partial,  and  does  not  extend  equally  through  the  whole  mass 
of  the  petrifaction.  In  some  of  the  roots  particularly,  the 
stone  is  as  pure  as  in  any  part  of  the  quarry. 

For  the  following  dimensions  I  am  indebted  to  Colonel 
Dunlop  of  Househill  the  proprietor,  who,  with  that  kindness 
an4  liberality  which  distinguishes  him,  has  afforded  every  faci- 
lity towards  the  examination  and  description  of  this  singular 
fossil. 

The  trunk,  independent  of  the  roots,  is  jhe  feet  in  length. 
There  are  four  principal  roots,  each  of  which  measures  two 

fiet 
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feet.  The  circumference,  taken  close  by  the  root,  is  Jive  feet 
seven  inches  and  a  half:  In  the  middle  of  the  stem  four  feet 
and  a  half;  and  at  the  top  or  fracture  three  feet  nine  inches. 

In  the  immediate  neighbourhood  of  the  above  tree,  and  in 
the  same  rock,  there  are  four  converging  branches,  which  have 
once  been  united ;  three  of  which  penetrate  the  rock  in  difie^ 
rent  directions,  and  the  fourth  runs  along  its  surface.  They 
are  evidently  of  a  different  species,  and  belong,  I  suspect,  to 
the  fragment  of  another  stem  which  was  found  some  time  ago 
near  the  same  spot  The  species  to  which  they  belong  is  well 
known  among  this  class  of  petrifactions,  and  occurs  in  some  of 
the  neighbouring  quarries.  The  length  of  the  exposed  branch, 
from  the  fracture  to  the  point  of  division,  is  15  inches  3  the  as- 
cending branch  is  26  inches,  and  the  other  is  S5. 

Description  of  the  Figures^  Plate  IX. 

Figs.  1,  2,  3,  are  different  views  of  that  part  of  the  tree 
which  has  been  detached  from  the  rock,  ;^d  which  is  now 
at  HousehilL 

Fig.  4.  represents  that  part  of  the  quarry  in  which  the  remain- 
der of  the  tree  is  still  lodged. 

Fig.  5.  represents  four  converging  branches  of  a  different  spe- 
cies of  tree,  found  near  the  former. 

Fig.  6.  is  a  section  of  a  trunk  found  near  the  above  branches, 
and  supposed  of  the  same  species. 
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VIL  Account  of  a  non-descript  Worm  (the  Ascaris  pelluddm) 
found  in  the  Eyes  of  Horses  in  India.  In  Letters  from 
Alexander  KeVinedy,  M.  D.  F.  R.  S.  Edin.  to  Profes- 
sor Russell  and  Dr  Hope.  With  a  Description  of  the 
Animal^  hy  Captain  Thomas  Brown,  F.  R.  S.  R  & 
F.  L.  & 


(Read  Feb.  5.  1816,  and  Nm.  9.  1818.^ 


Dear  Sir,  Edinburgh^  5th  February  1816. 

W  HEN  I  lately  mentioned  to  you  in  conversation,  the  dis- 
ease in  the  eyes  of  horses  in  India,  occasioned  by  the  presence 
of  a  worm  within  the  ball  of  the  eye,  I  thought  that  you 
might  probably  have  heard  of  it  before  ;  but  as  you  had  not, 
and  are  desirous  of  further  information  upon  the  subject,  I  now 
take  this  method  of  mentioning  the  circumstances  to  you,  so 
far  as  I  know  them. 

The  animal  occasioning  this  disease,  is  termed  by  the  na» 
tives  about  Madras,  the  **  WorrrH'*  in  the  Horse's  Eye,  by  using 
the  corresponding  words  in  their  respective  languages.  I  have 
been  told  that  in  Bengal  it  is  called  the  ^^  Sanp^^  or  the  Snake 
in  the  Horse's  Eye.  As  it  seems  more  to  resemble  a  fish  or 
an  aquatic  insect,  it  miight  perhaps  with  more  propriety  be  re^ 
guded  as  an  eeL 
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This  disease  often  follows  blows  or  exteraal  injuries ;  but 
also  frequently  occurs  without  this  previous  cause.  After 
weakness,  watering,  and  inflammation  of  the  horse^s  eye,  it  as- 
sumes a  whitish  look,  and  then  the  worm  may  be  plainly  ob- 
served, of  a  white  colour,  swimming  with  great  briskness  and 
activity  through  the  aqueous  humour.  The  cure  depends  up- 
on its  being  extracted,  without  which,  I  believe,  that  the  eye 
is  always  lost  by  suppuration.  I  have  known  several  medical 
gentlemen  attain  much  dexterity  in  performing  this  extrac- 
tion. The  mode  of  proceeding  is  as  follows  :  Being  provided 
with  a  common  lancet,  armed  at  the  shoulders  by  being  wrap- 
ped round  with  tow,  the  operator  places  himself  by  the  horse's 
head,  next  to  the  diseased  eye,  and  moving  his  hand  gently 
up,  so  as  not  to  alarm  the  horse,  he  thus  watches  the  opportu- 
nity of  the  eye's  being  well  open,  and  then  suddenly  plunges 
the  lancet  through  the  lower  and  fore  part  of  the  cornea,  di- 
recting the  point  across,  and  at  the  same  time  cutting  down- 
wards. The  aqueous  humour  being  in  this  manner  suddenly 
evacuated,  by  a  gush,  or  in  a  stream,  the  worm  passes  out 
along  with  it.  The  eye  h  then  covered  up,  and  kept  wetted 
with  a  cooling  solution.  When  the  extraction  has  been  sue- 
ces^iilly  performed,  and  the  aqueous  humour  is  again  resto^ 
fed,  thej  visi6n  is  found  unimpaired. 

l^he  fineness  and  small  size  of  the  worm  sometimes  prevent 
its  being  found,  even  \«rhen  the  extraction  has  been'  successftd- 
ly  performed.  It  is  frequently  detected,  however,  in  the  track 
of  the  aqueblis  humour  over  the  horse's  facei.  When  picked 
up,  it  generally  appears  to  be  dead,  at  least  I  have  met  with 
hone  which  retained  any  appearaiice  of  life.  I  have  seen  node 
of  tneih  so  long  ais  the  nail  of  the  thumb.  It  is  of  a  grey- 
white  colour,  very  soon  lies  flat  and  flaccid,  and  appears  to  be 
not  much  broader  of  thicker  thatl  A  horse's  hair.     My  Mend 
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Dr  B^RY,  howiever,  who  has  frequently  succeeded  in  extract- 
ing them,  informs  me  that  he  has  not  only  oflen  met  with 
them  Considerably  longer  than  I  have  described,  but  also  that 
upon  his  placing  them  in  a  tumbler  of  tepid  water,  he  has  seen 
them  swim  about  for  several  minutes,,  and  even  for  a  quarter 
of  an  hour ;  and  that  when  viewed  in  this  situation,  the  shape 
evidently  appears  to  taper  off  towards  the  tail.  Had  I  thought 
of  placing  those  which  I  have  met  .with,  as  Dr  Berry  did,  in 
tepid  water,  it  seems  not  improbable,  that  I  might  both  have 
found  some  of  them  alive,  and  also  of  greater  length,  than 
when  viewed  under  exposure  to  the  open  air* 

Upon  this  occasion^  it  is  both  proper  and  satisfactory  to  re- 
fer to  the  testimony  of  that  eminent  naturalist,  the  late  Dr 
James  Anderson  of  Madras.  Having  had  occasion,  several 
years  ago,  to  mention  this  worm,  and  the  disease  which  it  oc- 
casioned in  the  horse's  eye,  ta  one  of  his  scientific  correspon- 
dents, it  is  believed  to  Dr  Bush  of  Philadelphia,  his  leUer  was 
at  the  time  given  to  the  public,  in  one  of  the  Madras  newspa- 
pers. Though  Dr  Anderson's  correspondence  was  afterwards 
collected  from  the  newspapers,  and  reprinted,  it  might  now  be 
difficult  to  find  a  copy  of  it.  But  I  recollect  to  have  heard  af- 
terwards, that  the  letter  now  alluded  to,  had  been  communica- 
ted by  Dr  Anderson's  correspondent  to  the  American  Philo- 
sophical Society.    I  resnain,  &c» 

Alex.  Kennedy. 
To  James  Russell,  Esq. 
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Dear  Sir,  Edin.  ilth  l^ov.  18ia 

Finding  that  my  last  communication,  regarding  the  worm 
in  the  eyes  of  horses  in  India,  submitted  to  the  Royal  Society 
by  Mr  Russell,  has  been  mislaid,  I  shall  now  do  what  in  me 
lies,  to  replace  that  loss,  in  the  most  satisfactory  manner  I  can, 
from  memory. 

Immediately  after  my  letter  upon  this  subject  to  Mr  Rus- 
sell, under  date  5th  February  1816,  I  applied  to  several  of 
my  friends  in  India  for  a  specimen  of  the  worm ;  and  the  pa- 
pers now  amissing,  consisted  of  a  short  letter  from  myself  to 
Mr  Russell,  covering  the  original  letter  from  Mr  William 
Scot,  Surgeon  of  one  of  the  battalions  of  Madras  artillery, 
along  with  which  he  had  sent  home  one  of  the  worms,  extract- 
ed by  himself,  and  which  was  presented  to  the  Royal  Society 
at  the  time  his  letter  was  read. 

I  now  regret  not  having  preserved  a  copy  of  that  letter,  but 
am  willing  to  believe,  that  in  the  following  recapitulation  of 
its  contents,  there  can  be  no  material  error. 

The  worm  was  discovered  in  the  eye  of  a  horse  belonging 
to  Lieutenant-&>lonel  Freese  at  St  Thomases  Mount,  on  the 
5th  of  May  1818,  and  was  extracted  next  day  by  Mr  Scot,  in 
presence  of  Colonel  Freese,  Dr  M.  S.  Moore,  and  a  third  per- 
son, whose  name  I  do  not  now  recollect  Mr  Scot's  letter  was 
dated  7th  May.  In  it  he  described  the  appearance  of  the  eye, 
much  as  I  had  done,  in  my  letter  to  Mr  Russell,  and  noticed 
its  milky  appearance,  and  the  lively  motion  of  the  animal  in 
the  aqueous  humour,  comparing  the  mode  of  its  progress  to 
something  resembling  leaping,  which  it  seems  to  me  might  be 
no  inapt  comparison,  when  the  worm  was  fore-shortened,  by 
moving  nearly  in  the  line  of  vision  of  the  spectator. 

In  this  instance,  it  was  found  necessary  to  throw  down  the 
horse,  an  attempt  to  operate  while  he  was  standing  having 
failed.      The  worm  was  received  among  tepid  water,  in  a 
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China  saucer,  where  it  continued  to  move  about  briskly,  until 
a  little  cold  water  was  added,  when  it  fell  dead  instantly,  and 
was  afterwards  with  difficulty  detected  at  the  bottom  of  the 
vessel. 

This  may  be  the  most  proper  place  to  mention,  that  I  have 
lately  received  three  more  of  these  worms  from  Mr  Scot, 
which  were  extracted  by  Mr  Berridge,  who  keeps  a  livery 
stable  at  Madras*  Having  presented  two  of  these  to  the  Uni- 
versity Museum,  they  are  now  in  the  custody  of  Professor  Ja- 
meson.    I  have  the  honour  to  remain,  &c. 

Alex.  Kennedy. 

To  Dr  T.  C.  Hope,  R  R.  S.  E.  &c. 


AscARis  pelluddus. — Head  slightly  subulate,  with  the  extre- 
mity somewhat  obtuse;  body  smooth,  pellucid,  of  a  blu- 
ish-white colour;  thickest  at  the  centre,  and  gradually 
tapering  towards  the  head,  and  abruptly  towards  the  tail, 
which  terminates  in  a  sharp  point ;  its  diameter  not  being 
more  than  a  fourth  of  the  head.  Length  an  inch  and  a 
quarter. 

Inhabits  the  aqueous  humour  of  the  eyes  of  horses  in  India ; 
in  which  it  may  be  seen  swimming  about  with  great  activity. 
Is  said  to  be  generally  produced  by  external  injuries ;  though 
in  some  instances  it  has  occurred  without  any  known  cause. 
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VIII.  Memoir  relating  to  the  Naval  Tactics  of  the  late  JOHN 
CLERK^  Esq.  ofEldin;  being  a  Fragment  of  an  intend^ 
ed  Account  of  his  Life.  By  John  Playpaib,  F.  IL  S. 
LoND.  &  Edik.  Professor  qf  Natural  Philosophy  in  the 
University  of  Edinburgh^ 

(Read  April  6.  1818  J 
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Ti 


HE  author  of  the  Naval  Tactics  is  one  of  those  men  who, 
by  the  force  of  their  own  genius,  have  carried  great  improve- 
ments into  professions  which  were  not  properly  their  own* 
The  history  both  of  the  sciences  and  of  the  arts  furnishes  seve^ 
ral  remarkable  examples  of  a  similar  nature.  Fermat  the  rival, 
sometimes  the  superior  of  Descartes,  one  of  the  most  inven- 
tive mathematicians  of  a  most  inventive  age,  was  by  profess 
sion  a  lawyer,  and  had  only  devoted  to  science  the  time  that 
could  be  spared  from  the  duties  of  a  counsellor  or  a  judge : 
about  fifty  years  earlier,  also,  his  countryman  Vieta  had  made 
a  like  digression  from  the  same  employment,  and  hardly  with 
inferior  success. 

Perrault,  who,  in  the  fa9ade  of  the  Louvre,  has  left  behind 
him  so  splendid  a  monument  of  architectural  skill  and  taste^ 
was  a  physician,  and  not  only  practised,  but  wrote  books  on 
medicine.    Dr  Herschell  too,  who  has  made  more  astrono- 
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mical  discoveries  than  any  individual  of  the  present  age,  be- 
took himself  ta  the  study  c^  the  heavens  as  a  relaxation  from 
professional  pursuits.  Mr  Clerk  is  to  be  numbered  with  these 
illustrious  men,  having  made  great  improvements  in  an  art  to 
which  he  was  not  educated,  and  in  which  early  instruction,  and 
long  practice,  would  seem,  more  indispensable  than  in  any 
other. 

Two  reasons  may  perhaps  be  assigned  for  the  success  which 
often  attends  men  who  thus  take  a  science  by  assault,  without 
making  their  approaches  regularly,  and  according  to  the  rules 
of  art  They  are  inspired  by  genius,  and  impelled  by  the 
highest  of  all  motives,  the  pleasure  they  derive  from  their  ex- 
ertions. They  are  also  free  from  the  prejudices,  and  the  blind 
respect  for  authority,  which  constitute  so  strong  a  barrier 
against  improvement  both  in  the  sciences  and  the  arts. 

A  young  man,  who  had  been  bred  in  the  service  of  the  Na- 
vy, who  had  seen  the  Commanders  he  was  taught  to  respect 
most  highly^  bring  their  fleets  into  action  constantly  in  a  cer- 
tain, way,  and  who  had  naturally  made  that  manoeuvre  the 
great  object  of  his  study,  would  not  be  apt  to  deviate  from  a 
practice,  in  the  accurate  and  successful  application  of  which 
the  greatest  merit  of  a  Naval  Officer  was  supposed  to  consist. 
Indeed  no  man  learns  his  art,  as  it  actually  exists,  more  com- 
pletely than  a  seaman ;  but  no  man  learns  it  in  a  way  more 
likely  to  preclude  improvement.  A  landsman,  therefore,  sit- 
ting in  his  study,  and  thinking  only  of  the  abstract  principles, 
mechanical  or  tactical,  of  the  naval  art,  provided  he  be  well  in- 
structed in  them,  and  have  a  mind  sufficiently  powerful  to 
combine  those  principles,,  and  appreciate  their  different  re- 
sults, may  be  expected  to  give  valuable  lessons  to  the  most 
able  and  experienced  seamen. 

Mr 


Digitized  by 


Google 


OP  THE  LATE  JOHN  CLERK,  ESQ.  OP  ELDIN.  1 15 

Mr  Clerk  was  precisely  the  man  by  whom  a  successful 
Inroad  into  a  foreign  territory  was  likely  to  be  made.  He  pos- 
sessed a  strong  and  inventive  mind,  to  which  the  love  of  know- 
ledge, and  the  pleasure  derived  from  the  acquisition  of  it,  were 
4jways  sufficient  motives  for  application.  He  had  naturally  no 
great  respect  for  authority,  or  for  opinions,  either  speculative 
or  practical,  which  rested  only  on  fashion  or  custom.  He  had 
never  circumscribed  his  studies,  by  the  circle  of  things  imme^ 
diately  useful  to  himself;  and  I  may  say  of  him,  that  he  was 
more  guided  in  his  pursuits,  by  the  inclinations  and  capacities 
of  his  own  mind,  and  less  by  circumstance  and  situation,  than 
any  man  I  have  ever  known.  Thus  it  was,  that  he  studied 
the  surface  of  the  land  as  if  he  had  been  a  general,  and  the 
surface  of  the  sea  as  an  admiral,  though  he  had  no  direct  con- 
nection with  the  profession  either  of  the  one  or  of  the  other. 

From  his  early  youth,  a  fortunate  instinct  seems  to  have 
directed  his  mind  to  naval  affairs.  It  is  always  interesting  to 
remark  the  small  and  almost  invisible  causes  from  which  ge- 
nius receives  its  first  impulses,  and  often  its  most  durable  im- 
pressions. *^  I  had  (says  he)  acquired  a  strong  passion  for  nau- 
^^  tical  affairs  when  a  mere  child.  At  ten  years  old,  before  I 
^^  had  seen  a  ship,  or  even  the  sea  at  a  less  distance  than  four 
^^  or  five  miles,  I  formed  an  acquaintance  at  school  with 
^  some  boys  who  had  come  from  a  distant  sea-port,  who  in- 
^^  structed  me  in  the  different  parts  of  a  ship  from  a  model 
^^  which  they  had  procured.  I  had  afterwards  frequent  oppor- 
^^  tunities  of  seeing  and  examining  ships,  at  the  neighbouring 
^^  port  of  Leith,  which  increased  my  passion  for  the  subject ; 
^  and  I  was  soon  in  possession  of  a  number  of  models,  many 
^^  of  them  of  my  own  construction,  which  I  used  to  sail  on  a 
^^  piece  of  water  in  my  father's  pleasure-groimds,  where  there 
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*^  was  also  a  boat  with  sails,  which  furnished  me  with  much 
*^  employment  I  had  studied  Robinson  Crusoe,  and  I  read 
"  all  the  sea-voyages  I  could  procure." 

The  desire  of  going  to  sea,  which  could  not  but  arise  out  of 
these  exercises,  was  forced  to  yield  to  family  considerations ; 
but,  fortunately  for  his  country,  the  propensity  to  naval  affairs, 
and  the  pleasure  derived  from  the  study  of  them,  were  not 
to  be  overcome. 

He  had  indeed  prosecuted  the  study  so  far,  and  had  become 
so  well  acquainted  with  naval  affairs,  that,  as  he  tells  us  him- 
self, he  had  begun  to  study  the  difficult  problem  of  the  way  of 
a  ship  to  windward.  This  was  about  the  year  1770,  when  an 
ingenious  and  intelligent  gentleman,  the  late  Comtnissioner  Ed- 
oar,  came  to  reside  in  the  neighbourhood  of  Mr  Clerk's  seat 
in  the  country.  Mr  Edgar  had  served  in  the  army,  and,  with 
the  company  under  his  command,  had  been  put  on  board  Ad- 
miral Byng's  ship  at  Gibraltar,  in  order  to  supply  the  want  of 
marines ;  so  that  he  was  present  in  the  action  off'the  Island  of 
Minorca,  on  the  20th  of  May  1756.  As  the  friend  of  Admi- 
ral BoscAWEN,  he  afterwards  accompanied  that  gallant  officer 
in  the  more  fortunate  engagement  of  Lagos  Bay. 

Afler  the  American  war  was  begun,  an  attention  to  the 
narratives  of  his  friend,  and  still  more  to  the  actions  which  were 
then  happening  at  sea,  served  to  convince  Mr  Clerk  that  there 
was  something  very  erroneous  in  the  methods  hitherto  pursued 
by  the  British  admirals  for  bringing  their  fleets  into  action ;  in- 
somuch, that,  though  nothing  could  exceed  the  skill  with  which 
each  individual  ship  was  worked,  yet  when  one  whole  fleet  was 
opposed  to  another,  the  plan  followed  was  uncertain  and  preca- 
rious, and  it  seemed  that  the  expedient  for  forcing  an  enemy  to 
fight,  remained  yet  to  be  discovered.   It  appeared,  indeed,  that 
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very  little  attention  had  yet  been  paid  to  the  subject  of  Naval 
Tactics. 

The  oldest  work  we  know  of  that  treats  of  Naval  Tac- 
tics, is  that  of  the  learned  Jesuit  Pere  Hoste,  Professor  of 
Mathematics  in  the  Royal  College  at  Toulon,  and  entitled 
VArt  des  Armies  Navales.  It  is  an  elementary  and  distinct 
exposition  of  the  ordinary  manoeuvres  at  sea,  and  has  no  pre* 
tensions  to  any  thing  more.  It  was,  however,  highly  regard- 
ed at  the  time :  the  author,  when  he  presented  it  to  Louis  the 
XIV.  in  1697,  was  well  received,  and  had  a  pension  given 
him. 

There  was  no  book  on  the  subject  in  the  English  language  y 
and  the  conduct  of  our  sea-fights,  though  it  had  so  often  pro- 
ved successful,  did  not  display  much  extent  or  variety  of  re- 
sources. It  had  usually  happened  that  the  British  fleet  was 
eager  to  engage,  and  that  the  enemy  was  unwilling  to  risk  a 
general  action  ;  our  object,  therefore,  had  almost  always  been 
to  gaiix  the  weather-gage^  as  it  is  called,  of  the  enemy,  or  to 
place  ourselves  to  windward  of  his  fleet  When  that  fleet  was 
drawn  out  in  line,  in  the  manner  necessary  for  allowing  every 
ship  its  share  in  the  action,  the  British  fleet  bore  down  from 
the  windward  on  the  enemy,  Ij/ing  to  as  it  is  termed,  or  almost 
Jixed  in  its  position ;  the  whole  line,  and  also  the  broadside  of 
each  individual  ship,  being  nearly  at  right  angles  to  the  direc-  - 
tion  of  the  wind* 

Under  these  circumstances,  the  British  fleet  had  usually 
pursued  one  of  two  methods  of  making  the  attack.  The  one 
consisted  in  forming  a  line  parallel  and  directly  opposite  to 
that  of  the  enemy ;  after  which  each  ship  bore  down  on  that 
which  was  immediately  opposed  to  it.  According  to  the 
other  method,  the  British  fleet,  on  the  opposite  tack  to  that  of 
the  enemy,  ran  along  parallel  to  it,  and  within  fighting  dis- 
tance, 
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tance,  till  the  whole  of  the  one  line  was  abreast  of  the  other, 
and  each  ship  ready  to  engage  her  antagonist 

If  the  first  of  these  methods  was  pursued,  each  ship,  on  co- 
ming down,  had  a  very  sharp  fire  to  sustain  from  the  broad- 
side of  that  opposed  to  her,  which  she  could  only  return  fee- 
bly fi-om  the  gum  on  her  bow.  The  rigging,  of  consequence, 
which  presented  the  best  mark  when  seen  endwise,  was  likely 
to  be  so  much  cut,  that  the  ship  must  be  nearly  disabled  be- 
fore she  arrived  at  the  fighting  distance. 

If  the  second  method  was  pursued,  the  headmost  ship  had 
to  endure  the  fire  oi  the  whole  line  before  it  arrived  in  its 
place ;  the  second,  the  fire  of  all  but  one  ;  the  third,  of  all  but 
two,  and  so  on :  so  that  it  was  not  likely  that  any  but  the 
stemmost  ships  could  reach  their  station  without  having  re- 
ceived considerable  damage.  This  gave  to  the  enemy,  who 
quietly  remained  on  the  defensive,  a  great  advantage  over  the 
attacking  squadron,  and  enabled  him,  almost  to  a  certainty,  to 
come  off,  if  not  with  victory,  at  least  with  very  little  loss. 

The  disadvantages,  however,  arising  from  these  two  modes 
of  attack,  either  had  not  been  duly  considered,  or  had  been 
set  down  among  the  unavoidable  evils  necessarily  involved  in 
a  determination  to  force  the  enemy  to  fight.  Perhaps,  too, 
the  desire  of  complying  literally  with  the  instructions  always 
.  given  to  our  admirals,  of  doing  their  utmost  to  take,  bum,  and 
aestroy,  contributed  to  make  it  be  thought,  that  a  direct  and 
immediate  attack,  such  as  has  just  now  been  described,  was 
the  only  means  that  could  properly  be  resorted  to. 

Mr  Clerk  had  the  merit  of  pointing  out  the  evils  now  enume- 
rated, in  a  nranner  most  clear  and  demonstrative,  and  of  describ- 
ing a  method  by  which  the  attack  might  be  made,  without  incur- 
ring any  of  the  cBsadvantages  that  have  been  mentioned,  and 
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almost  with  a  certainty  of  success.  As  the  evil  arose  from  an 
endeavour  to  diffuse  the  force  of  the  attadc,  if  one  may  say  so^ 
over  the  whole  surface  of  the  line  attacked  j  so  the  remed;^ 
consisted  in  concentrating  the  force  of  the  attack^  and  in  bring- 
ing it  to  bear  with  proportionally  greater  energy  on  a  single 
point,  or  a  small  portion  of  the  enemy^s  line.  For  this  pur- 
pose the  admiral  of  the  attacking  and  windward  squadron, 
is  supposed  to  come  down,  not  in  line,  but  with  his  fleet  in  di- 
vbions,.  so  as  to  be  able  to  support  the  particular  division  de- 
stined to  break  through  the  line  of  the  enemy.  The  conse- 
quence must  be,  that,  if  this  attack  is  directed  against  the  rear 
of  the  enemy,  the  ships  a-head  must  either  abandon  those  that 
are  cut  off,  or  must  double  back,  either  by  tacking  or  wearing. 
Here  Mr  Clerk  shews,  that  if  the  enemy  follow  the  first  of 
these  methods,  and  make  his  line  either  tack  in  succession,  or 
altogether,  such  a  distance  must  be  lefl  between  them  and  the 
three  or  four  stemmost  ships,  that  not  only  must  those  last  be 
easily  carried,  but  that  several  more  must  probably  be  thrown 
into  such  a  situation  as  to  subject  them  almost  unavoidably  to 
the  same  fate.  If  the  enemy  attempt  the  same  thing  by  wear- 
ing, his  condition  will  be  still  worse.  The  fleet,  by  falling  to 
leeward,  must  not  only  desert  the  ships  attacked  altogether, 
but  must  leave  the  sternmost  of  the  wearing  ships  so  much 
exposed  as  to  render  it  certain  that  they  will  be  entirely  cut 
off. 

At  the  time  when  this  method  of  attack  was  proposed,  it 
was  regarded  as  a  manoeuvre  quite  new,  and  as  having  never 
yet  been  acted  on.  Mr  Clerk,  indeed,  has  entered  into  a  hi- 
storical detail,  which  tends  to  establish  this  point,  and  in 
which,  from  the  most  authentic  documents,  he  traces  the  plans 
of  most  of  our  remarkable  naval  actions,  from  that  of  Admiral 
Matthews,  off  Toulon,  in  1744,  to  that  of  Admiral  Greaves 
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off  the  Cheasapeak  in  1781.  In  most  of  these  actions,  though 
conducted  by  some  of  our  ablest  naval  officers,  the  British  fleet 
being  to  windward,  by  extending  the  line  of  battle,  with  a  de- 
sign of  disabling  or  destroying  the  whole  of  the  enemy's  line 
to  leeward,  was  itself  disabled  before  the  ships  could  reach  a 
situation  in  which  they  could  annoy  the  enemy ;  while,  on  the 
other  hand,  the  French,  perceiving  the  British  ships  in  disor- 
der, have  made  sail,  and,  after  throwing  in  their  whole  fire, 
have  formed  a  line  to  leeward,  where  they  lay  prepared  for 
another  attack  i  and  thus  has  been  frustrated  that  combination 
of  skill  and  courage  which  distinguishes  our  seamen,  and  has 
always  been  so  conspicuous  in  actions  of  single  ships.  The 
analysis  of  those  actions  forms  a  most  interesting  part  of  Mr 
Clerk's  book,  and  furnishes  a  commentary  on  the  naval  histo- 
ry of  Britain,  such  as  we  seek  for  in  vain  in  the  treatises  writ- 
ten expressly  on  that  subjects 

In  the  second  part  ojf  his  work,  which,  though  first  written, 
was  last  published,  the  author  has  considered  the  nature  of  the 
attack  from  the  leeward,  or  where  the  fleet  which  would  force 
the  other  to  action  has  not  the  advantage  of  the  weather-gage. 
Here  also  he  proves,  by  arguments  very  clear  and  convincing, 
that  nothing  promises  success  but  the  cutting  of  the  enemy's 
line  in  two  ;  the  leeward  fleet  on  the  opposite  tack  to  that  of 
the  enemy,  bearing  up  obliquely,  so  as  to  pierce  the  line  in 
the  centre,  or  towards  the  rear,  as  circumstances  may  direct. 
The  ships  thus  cut  off  could  have  no  support,  and  must  either 
save  themselves  by  downright  flight,  or  fall  into  the  hands  of 
the  enemy. 

The  time  when  Mr  Clerk  was  engaged  in  these  specula^ 
tions,  was  a  period  very  memorable  in  the  naval,  the  military, 
and  political  history  of  this  country ;  and  never  was  there  a 
moment  when  the  communication  of  the  secret  he  had  disco- 
vered 
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vered  could  have  been  attended  with  more  important  conse^ 
quences.  The  contest  in  which  Britain  was  engaged  with  the 
American  colonies,  so  questionable  in  its  principle, — so  appro- 
ved by  the  nation, — and  so  obstinately  pursued  by  the  Go- 
vernment, had  involved  the  country  in  the  greatest  difficul- 
ties. A  series  of  great  and  ill-directed  efforts,  if  they  had  not 
exhausted,  had  so  far  impaired,  the  strength  and  resources  of 
Britain,  that  neighbouring  nations  thought  they  had  found  a  fa- 
vourable opportunity  for  breaking  the  power,  and  humbling  the 
pride,  of  a  formidable  rival.  The  French  Government,  desi* 
rous  of  accomplishing  an  object  of  which  it  had  never  lost 
sight,  and  willing  also  to  share  in  the  glory  of  giving  inde- 
pendence to  a  new  State,  was  yet  ignorant  of  the  lesson  which 
it  was  so  soon  to  learn  to  its  cost, — ^the  danger  which  a  despot 
runs,  who  attempts  to  give  that  liberty  to  other  nations  which 
he  refuses  to  his  own  people.  Spain  also,  which  we  see  at  this 
moment  exerting  every  nerve  to  continue  the  thraldrom  of 
her  own  colonies,  joined  eagerly  in  the  scheme  of  giving  inde- 
pendence to  those  of  England ;  and  by  her  detail  of  a  hundred 
grievances,  sufficiently  convinced  the  world,  that  her  hostility 
to  Britain  proceeded  from  a  cause  which  she  could  not  venture 
to  avow. — Against  this  formidable  combination,  which  Hol- 
land was  preparing  to  join,  Britain  stood  alone  without  an  al- 
ly ;  and  not  merely  alone,  but  divided  in  her  counsels,  with 
more  than  half  her  force  engaged  in  the  operations  of  a  de* 
fetructive  civil  war,  in  which  victory  would  have  been  more 
ruinous  than  defeat.  These  were  circumstances,  which,  in  the 
itiind  of  every  friend  to  his  country^  could  not  but  excite 
anxiety  and  alarm  ;  yet  they  were  perhaps  not  the  most  threa- 
tening that  distinguished  this  perilous  crisis.  In  the  naval 
rencounters  which  took  place  after  France  had  joined  herself 
to  America,  the  superiority  of  the  British  navy  seemed  almost 
VOL.  IX.  p.  L  Q  to 
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to  disappear ;  the  naval  armies  of  our  enemies  were  every  day 
gainitig  strength ;  the  number  and  force  of  their  ships  were 
augmenting;  the  skill  and  experience  of  their  seamen  appear- 
ed to  be  coming  nearer  to  an  equality  with  our  own.     Their 
cortimanders  were  completely  masters  of  the  art  of  avoiding  a 
general  or  decisive  action,  and  at  the  same  time  of  materially 
injuring  their  ienemies.     In  the  doubtful  conflict  off  Ushant, 
which  gave  the  commencement  to  our  hostilities  with  France, 
the  British  admiral,  after  placing  himself  between  the  French 
fleet  and  their  own  coast,  continued  to  manoeuvre  for  several 
days  together,  without  beitag  able  to  bring  on  a  general  action, 
and  was  forced  at  length  to  draw  off  towards  his  own  port8, 
dlowing  the  French  to  return  to  theirs,  without  the  capture  of 
a  single  ship  to  support  his  own  claim  to  victory,  or  to  refute 
that  of  the  enemy.     The  year  which  followed  this  had  witnes- 
sed the  most  inglorious  naval  campaign  recorded  in  the  annals 
of  Great  Britain.     The  combined  fleets  of  France  and  Spain 
were  seen  riding  with  exultation  in  the  British  Channel,  cap- 
turing our  ships  dose  lo  our  own  shores,  while  the  naval  force 
of  Britain  stood  aloof,  and  only  ventured  to  look  from  a  dis- 
tance on  a  scene  which  every  British  seaman  bdbeld  with 
grief  and  indignation,  while  he  seemed  to  read  in  it  the  tale  of 
his  personal  dishonour.     Another  action  in  the  course  of  the 
same  year,  had  no  great  tendency  to  console  us  for  the  dis- 
graceful Caution  which  our  fleet  in  the  Channel  had  been  for- 
ced to  observe.      Admiral   Byron  attempted  to  bring  the 
French  fleet,  off  Grenada,  to  action,  and  after  the  greatest 
gallantry,  displayed  both  by  himself  and  the  officers  under  his 
command,  he  entirely  failed  in  his  object,  and  even  suffered 
considerable  loss.     Indeed  when  one  studies  the  account  qf 
this  action,  by  help  of  the  light  which  the  author  of  the  Naxml 
Tactics  has  thrown -on  it,  he  sees  with  much  regret  the  highest 
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efforts  of  valour  and  seamanship  thrown  away,  from  our  igno- 
rance of  the  true  principle  by  which  our  attack  should  have  been 
directed  ;  while  the  French,  in  their  position  to  leeward,  suc- 
ceeded, with  their  usual  address,  in  damaging  our  ships,  and 
in  saving  their  own. 

The  parallel  drawn  by  Mr  Clebk  between  the  unfortunate 
engagement  of  Admiral  Byng  and  this  of  Admiral  ^yeok,  is 
sufficiently  striking,  and  shews  but  too  clearly,  that  there  are 
many  circumstances,  besides  conduct  and  valour,  that  deter- 
mine the  character  of  a  soldier  that  fights  either  at  sea  or 
land. 

The  action  of  Admiral  Arbuthnot  in  the  succeeding  year, 
deceived  equally  the  hopes  of  the  nation,  and  equally  demon- 
strated the  skill  of  the  French  commanders,  in  the  means  of 
obtaining  the  end  they  had  in  view,  and  in  entirely  defeating 
that  of  their  enemy  ;  and  by  its  unhappy  Influence  on  our  mi- 
litary operations  on  shore,  may  be  regarded  as  the  most  fatal 
miscarriage  that  marked  the  progress  of  the  British  arms. 
The  action  of  Admiral  Greaves  off  the  Cheasapeak,  conclu- 
ded a  series  of  unsuccessful  attempts,  in  which,  though  no 
signal  disaster  fell  on  the  British  fleet,  no  glory  was  gained, 
the  ultimate  object  of  the  expedition  was  always  lost,  and,  to  a 
power  used  to  boast  in  its  superiority,  the  entire  absence  of 
victory  seemed  equivalent  to  defeat  The  enemy  was  acqui- 
ring skill  and  confidence,  while  we  were  losing  that  feeling  of 
superiority  on  which  success  so  often  depends.  The  circum- 
stances of  the  nation  had  never  called  on  every  individual  to 
think  more  seriously  of  the  situation  of  his  country  j  nothing 
had  ever  proved  so  clearly,  that,  at  sea,  the  system  of  offensive 
warfare  was  yet  but  imperfectly  understood,  nor  was  there 
ever  a  juncture,  when  such  discoveries  as  Mr  Clerk  had  made, 
could  be  brought  forward  with  so  ^eat  effect    To  a  man 
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who,  like  him,  was  a  real  lover  of  his  country,  sincerely  inte- 
rested in  its  liberty  and  independence,  as  well  as  in  the  glory 
of  its  flag ;  full  also  of  the  enthusiasm  of  genius,  and  the  love 
of  science ;  I  can  hardly  imagine  any  higher  or  more  exquisite 
delight,  than  that  which  he  must  have  felt,  when  his  imagina- 
tion arose  from  the  despondency  into  which  the  actual  state  of 
things  had  thrown  every  thinking  man,  to  consider  the  change 
which  the  secret  which  he  had  in  his  possession  was  likely, 
nay  sure  to  make,  in  the  condition  of  his  country. 

There  can  exist,  I  think,  but  one  feeling  superior  to  this, — 
that  which  must  arise  on  seeing  this  noble  vision  realized. 
This  also  fell  to  the  share  of  the  author  of  the  Navai  Tactics^ 
who  lived  to  see  his  measures  carried  into  effect  with  unex- 
ampled skill  and  gallantry ;  saw  them  lead  to  victories  more 
s|)lendid  than  the  most  sanguine  hopes  could  have  ventured 
to  anticipate,  and  saw  himself  become  one  of  the  great  instru- 
ments by  which  Providence  enabled  his  country  to  weather  a 
more  awful  tempest  than  any  by  which  it  had  hitherto  been 
assailed. 

Being  fully  satisfied  as  to  the  principles  of  his  system,  Mr 
Clerk  had  begun  to  make  it  known  to  his  friends  as  early  as 
1779.  Afler  the  trial  of  Admiral  Keppell  had  brought  the 
whole  proceedings  of  the  affair  off  Ushant  before  the  public, 
Mr  Clerk  made  some  strictures  on  the  action,  which  he  put 
in  writing,  illustrating  them  by  drawings  and  plans,  contain- 
ing sketches  of  what  might  have  been  attempted,  if  the  attack 
had  been  regulated  by  other  principles,  and  these  he  commu- 
nicated to  several  naval  officers,  and  to  his  friends  both  in 
Edinburgh  and  London. 

In  the  following  year  he  visited  London  himself,  and  had 
many  conferences  with  men  connected  with  the  navy,  among 
whom  he  has  mentioned  l\!r  Atkinson,  the  particular  friend  of 
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Sir  George  Rodney,  the  Admiral  who  was  now  preparing  to 
take  the  command  of  the  fleet  in  the  West  Indies.  A  more 
direct  channel  of  communication  with  Admiral  Rodney  was 
the  late  Sir  Charles  Douglas,  who  went  out  several  months 
after  the  Admiral,  in  order  to  serve  as  his  Captain,  and  did 
actually  serve  in  that  capacity  in  the  memorable  action  of  the 
12th  of  April  1782.  Sir  Charles,  before  leaving  Britain,  had 
many  conferences  with  Mr  Clerk  on  the  subject  of  naval 
tactics,  and,  before  he  sailed,  was  in  complete  possession  of 
that  system.  Some  of  the  conferences  with  Sir  Charles  were 
by  the  appointment  of  the  late  Dr  Blair,  prebendary  of  West- 
minster ;  and  at  one  of  these  interviews  were  present  Mr  Wil- 
liam and  Mr  James  Adam,  with  their  nephew  the  present 
.Lord  Chief  Commissioner  for  Scotland.  Sir  Charles  had 
commanded  the  Stirling  Castle  in  Keppell's  engagement ;  and 
Mr  Clerk  now  communicated  to  him  the  whole  of  his  stric- 
tures on  that  action,  with  the  plans  and  demonstrations,  on 
which  the  manner  of  the  attack  from  the  leeward  was  fully  de- 
veloped. 

The  matter  which  Sir  Charles  seemed  most  unwilling  to 
admit,  was  the  advantage  of  the  attack  from  that  quarter ;  and 
it  was  indeed  the  thing  most  inconsistent  with  the  instructions 
given  to  all  admirals. 

Lord  Rodney  himself,  however,  was  more  easily  convinced ; 
and  in  the  action  off  Martinico,  in  April  1780,  the  original 
plan  seemed  regulated  by  the  principles  of  the  Naval  Tactics. 
The  British  fleet  was  to  leeward,  and  the  first  signal  made  by 
the  Admiral  gave  notice  of  his  intention  to  attack  the  enemy's 
rear  with  his  whole  force.  The  enemy,  however,  having  dis- 
covered this  intention,  wore,  and  formed  on  the  opposite 
tack,  and  thus  the  effect  of  the  signal  was  for  the  time  defeat- 
ed. The  Admiral  appeared  then  to  depart  fi*om  the  new  sys- 
tem s 


Digitized  by 


Google 


126  FRAGMENT  OF  AN  INTENDED  ACCOUNT 

tem  ;  for  the  next  signal  which  he  threw  out,  was  for  every 
ship  to  bear  down  on  her  opposite,  according  to  the  21st  ar« 
tide  of  the  additional  fighting  instructions.  It  appears,  as  we 
shall  afterwards  see,  that  the  cause  of  this  change  was  the  mis* 
take  of  the  signals,  the  captains  of  the  fleet  not  being  suffi- 
ciently prepared  for  the  new  method  of  attack.  In  the  twa 
actions  which  immediately  followed  this,  on  the  I5th  and  18th 
of  the  next  month,  the  French  succeeded  in  the  defensive  sys- 
tem; and  it  was  not  till  two  years  afterwards,  in  April  1782, 
that  Lord  Rodney  gave  the  first  example  of  completely  break- 
ing through  the  line  of  the  enemy,  and  of  the  signal  success 
which  must  ever  accompany  that  manoeuvre,  when  skilfully 
conducted.  The  circumstances  were  very  remarkable,  and 
highly  to  the  credit  of  the  gallantry  as  well  as  conduct  of  the 
Admiral.  The  British  fleet  was  to  leeward,  and  its  van,  on 
reaching  the  centre  of  the  enemy,  bore  away  as  usual  along 
his  line;  and  had  the  same  been  done  by  all  the  ships  that  fol- 
lowed, the  ordinary  indecisive  result  would  infallibly  have  en- 
sued. But  the  Formidable,  Lord  Rodney's  own  ship,  kept 
close  to  the  wind,  and  on  perceiving  an  opening  near  the 
centre  of  the  enemy,  broke  through  at  the  head  of  Uie  rear  di- 
vision, so  that  for  the  first  time  the  enemy's  line  was  cut  in 
two,  and  all  the  consequences  produced  which  Mr  Clerk  had 
predicted. 

This  action,  which  introduced  a  new  system^  gave  a  turn  to 
our  affairs  at  sea,  and  delivered  the  country  from  that  state  of 
depression  into  which  it  had  been  thrown,  not  by  the  defeat 
of  its  fleets,  but  by  their  entire  want  of  success. 

It  was  in  the  beginning  of  this  year  that  the  N(wal  Taction 
appeared  in  print,  though  for  more  than  a  year  before  copies 
of  the  book  had  been  in  circulation  among  Mr  Clerk's  friends. 
Immediately  on  the  publication,  eopies  were  pires^itedto  the 
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Minister  and  the  First  Lord  of  the  Admiralty.  The  Duke 
of  Montague,  a  zealous  friend  of  Mr  Clerk's  system,  under- 
took the  office  of  presenting  a  copy  to  the  King. 

Lord  Rodney,  who  had  done  so  much  to  prove  the  utility 
of  this  /System,  in  conversation  never  concealed  the  obligation 
he  felt  to  the  author  of  it  Before  going  out  to  take  the  com- 
mand of  the  fleet  in  the  West  Indies,  he  said  one  day  to  Mr 
Dundas,  afterwards  Lord  Melville,  "  There  is  one  Clerk,  a 
"  countryman  of  yours,  who  has  taught  us  how  to  fight,  and 
"  appears  to  know  more  of  the  matter  than  any  of  us*  If 
**  ever  I  meet  the  French  fleet,  I  intend  to  try  his  way/' 

He  held  the  same  language  afler  his  return.  Lord  Mel- 
ville used  often  to  meet  him  in  society,  and  particularly  at 
the  house  of  Mr  Henry  Drummond,  where  he  talked  very  un- 
reservedly of  the  Naval  Tactics^  and  of  the  use  he  had  made 
of  the  system  in  his  action  of  the  12th  of  April.  A  letter 
from  General  Ross  states  very  particularly  a  conversation  of 
the  same  kind,  at  which  he  was  present.  "  It  is  (says  the 
**  Greneral)  with  an  equal  degree  of  pleasure  and  truth,  that  I 
"  now  commit  to  writing  what  you  heard  me  say  in  company 
"  at  your  house,  to- wit,  that  at  the  table  of  the  late  Sir  John 
**  Dalling,  where  I  was  in  the  habit  of  dining  often,  and 
^  meeting  Lord  Rodney,  I  heard  his  Lordship  distinctly  state, 
^  that  he  owed  his  success  in  the  West  Indies  to  the  ma- 
"  noeuvre  of  breaking  the  line,  which  he  learned  from  Mr 
**  Clerk's  book.  This  honourable  and  liberal  confession  of 
**  the  gallant  Admiral,  made  so  deep  an  impression  on  me, 
**  that  I  can  never  forget  it ;  and  I  am  pleased  to  think,  that 
^*  my  recollection  of  the  circumstance  may  be  of  the  smallest 
**  use  to  a  man  with  whom  I  am  not  acquainted,  but  who,  in 
"  my  opinion,  has  deserved  so  well  of  his  country." 
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As  a  farther  evidence  of  the  sentiments  of  the  Admiral  art 
a  subject  where  they  are  of  so  much  weight,  I  have  to  quote  a 
very  curious  and  valuable  document,  a  copy  of  the  First  Part  of 
the  Naval  Tactics^  with  Notes  on  the  margin  by  Lord  Rod- 
ney himself,  and  communicated  by  him  to  the  late  General 
Clerk,  by  whom  it  was  deposited  in  the  family  library  at  Peni- 
cuik. The  notes  are  full  of  remarks  on  the  justness  of  Mr 
Clerk's  views,  and  on  the  instances  wherein  his  own  conduct 
had  been  in  strict  conformity  with  those  views.  He  replies  in 
one  place  to  a  question  which  Mr  Clerk  had  put  (published 
after  the  action  in  spring  1780,)  of  which  mention  has  been 
already  made,  concerning  the  conduct  of  that  action.  The 
first  signal  of  the  Admiral,  as  we  have  already  seen,  was  for 
attacking  the  rear  with  his  whole  force.  The  French,  percei- 
ving this  design,  wore,  and  formed  on  the  opposite  tack.  This 
made  it  impossible  immediately  to  obey  the  Admiral's  signal, 
and  the  next  that  he  made  was  for  every  ship  to  attack  her 
opposite.  Mr  Clerk's  question  was,  Why  did  Sir  George 
change  his  resolution  of  attacking  the  rear,  and  order  an  at- 
tack on  the  whole  line  ? — Sir  George  answers  to  this.  That  he 
did  not  change  his  intention,  but  that  his  fleet  disobeyed  his 
signals,  and  forced  him  to  abandon  his  plan. 

An  anecdote  which  sets  a  seal  on  the  great  and  decisive  testi- 
mony of  the  Noble  Admiral,  is  worthy  of  being  remembered,  and 
I  am  glad  to  be  able  to  record  it  on  the  authority  of  a  Noble  Earl. 
The  present  Lord  Haddington  met  Lord  Rodney  at  Spa,  in 
the  decline  of  life,  when  both  his  bodily  and  his  mental  powers 
were  sinking  under  the  weight  of  years.  The  Great  Comman- 
der, who  had  been  the  bulwark  of  his  country,  and  the  terror 
of  her  enemies,  lay  stretched  on  his  couch,  while  the  memory 
of  his  own  exploits  seemed  the  only  thing  that  interested  his 
feelings,  or  afforded  a  subject  for  conversation.     In  this  siitua- 
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tioD,  he  would  often  break  out  in  praise  of  the  Naval  Tactics^ 
exclaiming  with  great  earnestness,  ^^  John  Clerk  of  Eldin  for 
:«*  ever/' 

Generosity  and  candour  seemed  to  have  been  such  consti- 
tuent elements  in  the  mind  of  this  gallant  Admiral,  that  they 
were  among  the  parts  which  longest  resisted  the  influence  of 
decay. 

Soon  after  the  victory  obtained  by  Lord  Rodney,  the  Ame* 
rican  war  was  brought  to  a  conclusion,  and  the  world  enjoyed 
some  years  of  repose.  The  French  Revolution  disturbed  the 
tranquillity  of  Europe ;  Britain  was  quickly  involved  in  a  war 
more  formidable  than  that  in  which  the  principles  of  Mr 
Clerk^s  system  was  first  essayed ;  one  where  it  was  yet  to  be 
more  severely  tried,  and  was  yet  to  render  more  important 
services  to  the  country. 

We  have  seen,  that  Lord  Rodney  had  been  so  convinced  by 
the  first  explanation  he  received  of  Mr  Clerk's  system,  that 
he  declared,  that  should  he  meet  the  French  fleet  '^  he  would 
"  try  his  way.'* — On  Lord  Howe,  the  effect  of  the  first  per- 
usal of  the  same  work  was  quite  different,  though  the  result  in 
the  end  was  entirely  the  same.  A  copy  of  the  first  edition  of 
the  Naval  Tactics  was  sent  to  his  Lordship,  who,  after  read- 
ing it,  expressed  himself  as  highly  pleased  with  the  ingenuity 
of  the  book,  and  as  greatly  struck  with  the  circumstance  of  the 
author  being  a  landsman  ;  but  he  nevertheless  desired  General 
Clerk  to  inform  his  ingenious  kinsman,  that  he  would  adhere 
to  the  old  system  if  ever  he  had  an  opportunity  of  engaging 
the  French  fleet  To  this  Mr  Clerk  replied,  through  the 
same  channel^  that  if  his  Lordship  did  so  he  would  infallibly 
be  beaten.  His  Lordship^  however,  when  it  came  to  the  trial, 
did  not  adhere  to  the  old  system,  but,  concentrating  his  force, 
directed  it  against  one  point,  precisely  on  the  principles  of  the 
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,  Naval  Tactics.  His  diange  of  opinion  may  have  arisen  from 
the  practical  commentary  by  which  Lord  Rodney  had  illustra- 
ted the  principles  of  that  work;  and  perhaps,  too,  a  second 
perusal  of  the  book  itself  had  materially  contributed  to  this 
effect  That  Lord  Howe  really  consulted  it  a  second  time, 
there  is  good  reason  to  believe.  When  he  commanded  the 
Channel  fleet  in  1793,  Mr  James  Clerk,  the  youngest  son  of 
the  author  of  the  Naval  Tactics^  a  young  man  of  great  pro- 
mise, who,  had  he  lived,  would  have  done  honour  to  the  pro- 
fession on  which  his  father  had  bestowed  so  valuable  a  gifl, 
served  as  a  midshipman  on  board  the  Admiral's  ship  the 
Queen  Charlotte.  He  possessed  a  copy  of  the  second  edition 
of  his  father's  book,  which  was  borrowed  by  Captain  Chri- 
stian, no  doubt  for  the  Admiral's  use.  Thus  much  is  certain, 
that  the  action  of  the  1st  of  June  1794,  was,  in  its  manage- 
ment, quite  conformable  to  Mr  Clerk's  system,  and  its  suc- 
cess entirely  owing  to  the  manoeuvre  of  breaking  the  line. 

Lord  Howe  was  also  the  first  who  introduced  into  the  sig- 
nal book  signals  directed  to  the  object  of  cutting  off  the  rear, 
— of  bringing  the  whole  force  to  bear  on  one  point,*— break- 
ing the  line,  &c.  Indeed,  if  his  Lordship's  conduct  had  been 
contrary  to  the  principles  of  the  Naval  Tactics^  the  words  of 
his  declaration,  that  he  would  still  adhere  to  the  old  method, 
is  a  decided  testimony  in  favour  of  one  of  the  points  which  I 
think  it  most  material  to  establish*  About  the  utility  of  the 
method,  afler  Lord  Rodney's  action,  no  doubt  could  be  enter* 
tained.  As  to  its  novelty,  and  its  originality,  if  any  difference 
of  opinion  could  arise,  it  is  completely  answered  by  Lord 
Howe's  message  delivered  to  G^ieral  Clerk,  as  it  is  a  proof 
that  an  officer  of  his  Lordship's  great  skill  and  experience, 
considered  this  manoeuvre  as  new,  as  exposed  to  the  ordinary 
practice,  and  as  a  thing  hitherto  unknown.    The  novelty  of 
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the  aystem,  therefore,  can  no  more  be  doubted  than  its  uti- 
lity. 

An  example  of  breaking  the  line,  with  success,  if  possible, 
more  brilliant  than  either  of  the  preceding  instances,  wad  af- 
forded by  Lord  St  Vincent's  memorable  action  on  the  coaist 
of  Spain,  when,  disregarding,  as  he  said,  in  his  own  account  of 
it,  the  regular  system,  he  attacked  the  Spanish  line  of  twenty- 
seven  ships  with  fifteen  only,  and  by  carrying  a  press  of  sail, 
intersected  and  cut  off  the  windward  division,  of  which  four 
were  ti^en  before  the  rest  of  the  fleet  could  work  up  to  their 
relief. 

Lord  St  Vincent  had  early  been  made  acquainted  with  Mr 
Clerk's  book,  of  which  a  copy  had  been  sent  him  by  Colonel 
Debbieg  of  the  Royal  Engineers,  a  particular  friend  of  the  au- 
thor. 1  do  not  find  that  his  Lordship  ever  expressed  any  opi- 
nion on  the  principles  of  this  work. 

Lord  Duncan's  victory  on  the  coast  of  Holland  was  achie- 
ved on  the  same  principle,  and  carried  into  effect  with  singu- 
lar gallantry.  His  Lordship,  indeed,  before  going  to  sea,  had 
many  conferences  with  Mr  Clerk,  and  professed  that  he  was 
determined  to  pursue  the  plan  of  operations  which  he  had 
pointed  out  His  Lordship's  attack,  accordingly,  was  directed 
against  the  centre  of  the  enemy,  in  consequence  of  which  the 
rear  division  was  cut  off  and  taken,  with  the  exception  of  a 
single  ship.  When  the  first  news  of  this  victory,  so  near  to 
our  own  shores,  and  therefore  so  strongly  felt^  and  so  highly 
appretiated  by  us  all,  was  brought  to  Walmer  Castle,  where 
Mr  Pitt  was  then  residing,  he,  with  Lord  Melville,  Mr  Fob- 
DTCE,  and  some  others,  were  sitting  at  table  just  after  dinner. 
A  man  who  had  seen  the  action^  and  had  just  landed,  desired 
to  be  introduced,  and  on  coming  into  the  room,  gave  an  ac* 
count  of  what  he  had  witnessed ;  on  his  mentioning  that  Lord 
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Duncan  had  broke  through  the  Dutch  line,  Lord  Melville 
immediately  exclaimed.  Here  is  a  new  instance  of  the  success 
of  Clerk's  system. 

The  last  and  greatest  in  the  brilliant  series  of  victories  that 
followed  the  publication  of  the  Naval  Tactics^  was,  like  all  the 
rest,  obtained  by  the  skilful  application  of  the  principles  there 
unfolded ;  and  of  this.  Lord  Nelson's  instructions,  before  the 
battle,  are  the  fullest  evidence.  They  even  contain,  in  the 
body  of  them,  several  sentences  that  are  entirely  taken  from 
the  Naval  Tactics.  These  instructions  were  transmitted  to  Mr 
Clerk  by  one  of  the  Commanders  in  that  memorable  action. 
Captain,  now  Admiral  Sir  Philip  Durham,  with  a  note,  which 
shews  in  what  light  his  discoveries  were  viewed  by  those  most 
capable  to  decide.  ^^  Captain  Durham,  sensible  of  the  many 
^^  advantages  which  have  accrued  to  the  British  nation  from 
"  the  publication  of  Mr  Clerk's  Naval  Tactics^  and  particu- 
**  larly  from  that  part  of  them  which  recommends  breaking 
"  through  the  enemy's  line,  begs  to  offer  him  the  inclosed 
^  form  of  battle,  which  was  most  punctually  attended  to  in  the 
"  brilliant  and  glorious  action  of  the  21st  of  October.  Mr 
"  Clerk  will  perceive  with  pleasure,  that  it  is  completely  ac- 
^^  cording  to  his  own  notions,  and  it  is  now  sent  as  a  token  of 
^^  respect  from  Captain  Durham,  to  one  who  has  merited  so 
**  highly  of  his  country.     . 

''  H.  M.  S.  of  Cadiz,  29th  Oct.  1805/' 

I  must  observe,  that  the  Great  Admiral,  to  whose  last  and 
most  glorious  action  I  have  now  alluded,  had  put  in  practice 
the  same  manoeuvre  in  the  Battle  of  the  Nile ;  the  line  was 
then  broken  in  the  same  way,  and  the  discomfiture,  by  that 
means,  of  a  fleet  at  anchor,  was  the  most  complete  that  can  be 
imagined. 
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From  the  whole  of  this  narrative,  therefore,  it  is  plain,  that 
the  Naval  Tabetics  was  acknowledged  by  professional  men,  as 
an  original  and  valuable  work,  unfolding  a  new  system ;  the 
advantages  of  which  were  proved  by  demonstrations  founded 
on  the  most  undeniable  principles,  and  now  verified  by  a  se- 
ries of  great  and  brilliant  victories,  in  consequence  of  which 
there  has  been  effected  an  entire  revolution  in  the  offensive 
part  of  naval  warfare.  These  truths  havmg  been  so  generally 
acknowledged  and  admitted,  both  by  Naval  Officers  of  the 
highest  reputation,  and  by  Statesmen  of  the  greatest  power,  it 
cannot  but  appear  extraordinary,  that  no  mark  of  public  fa- 
vour was  ever  bestowed  on  the  author,  nor  any  acknowledg- 
ment made  by  Government  of  merit  so  distinguished.  It  was 
merit  of  the  kind  most  directly  calculated  to  interest  the  feel- 
ings, and  to  call  forth  the  gratitude  of  the  Nation  ;  it  was  an 
improvement  in  the  art  which  Britain  reckons  so  peculiarly 
her  own  ;  it  was  a  contrivance  for  making  more  effectual  the 
arms  in  which  she  most  confides  ;  for  rendering  more  impene- 
trable the  Wooden  Walls,  to  which  she  trusts  her  safety,  her 
prosperity,  and  her  independence.  The  name  of  Mr  Clerk, 
and  of  the  Naval  Tactics^  is  in  the  mouth  of  every  Officer, 
from  the  Midshipman  to  the  Admiral. 

Whatever  was  the  cause  of  this  strange  omission,  it  is  deep- 
ly to  be  regretted, — ^regretted,  however,  much  less  on  account  of 
Mr  Clerk,  than  on  account  of  the  Nation  itself.  To  a  man 
conscious  of  having  rendered  so  important  a  service  to  his 
country  as  he  had  done, — who  might  say  to  himself  without  va* 
nity,  that  he  was  entitled  to  be  numbered  with  her  most  use- 
fiil  citizens,  and  her  most  eminent  benefactors, — ^who  saw  that 
the  actions  which  had  immortalized  the  names  of  Rodnet, 
Howe,  Duncan  and  Nelson,  had  been  all  directed  by  a  prin- 
ciple 


Digitized  by 


Google 


134  FRAGMENT  OF  AN  INTENDED  ACCOUNT 

ciple  which  he  had  been  the  first  to  discover, — and  who 
jcnew,  that  he  was  to  go  down  to  posterity  as  the  author 
of  a  great  and  important  improvement; — to  the  happiness 
of  a  mind  sustained^  by  such  reflections,  and  inspired  by 
the  sentiments  which  must  accompany  them,  what  great 
addition  is  it  in  the  power  of  a  Monarch,  or  even  of  the 
Nation,  to  make?  what  is  it  that  the  common  badges  and 
titles  of  honour  and  distinction  can  be  supposed  to  add? 
These  may  be  fit,  and  even  necessary  emblems,  for  marking 
degrees  of  merit  of  an  ordinary  kind ;  but  when  merit  is  trans* 
cendant  to  a  certain  point,  it  can  dispense  with  such  conven- 
tional symbols ;  it  shines  of  its  own  light,  and  enables  its  pos- 
sessor to  look  down  on  the  neglect  or  the  ingratitude  of  the 
world. 

But  though  these  considerations  may  in  some  measure  set 
us  at  ease  with  respect  to  the  author  himself,  and  his  own 
feelings,  it  must  be  allowed  that  they  take  nothing  fi*om  the 
blame  incurred  by  those  to  whom  the  Nation  had  intrusted 
^e  power  of  dispensing  its  honours  and  rewards.  N^lect 
of  merit  will  always  operate  as  a  discouragement  to  exation, 
and  every  instance  of  it  tends  to  extinguish  a  portion  of  the 
fire  of  genius,  of  that  which  often  constitutes  the  sole  riches  of 
the  possessor,  and  is  always  a  valuable  portion  of  the  patrimo- 
ny of  the  State.  Every  mind  is  not  provided  with  the  power 
of.  enduring  neglect ;  ingenious  men  are  often  the  most  sen- 
sible of  it ;  and  it  is  hard  that  the  possession  of  talents  should 
be  converted  into  a  source  of  suffering.  If  the  author  of  the 
Naval  Tactics  had  not  been  supported  by  such  enlarged  views, 
and  such  high  sentiments  as  we  have  mentioned,  the  circum- 
stances of  his.  case  would  have  pressed  on  him  with  much  se- 
verity. 
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That  it  was  not  ignorance  of  the  facts,  or  of  the  chain  e£ 
evidence  now  brought  forward,  that  prevented  a  public  ac- 
knowledgment of  Mr  Clerk's  services,  is  altogether  certain. 
The  late  Lord  Melville,  who  held  so  conspicuous  a  situation 
in  the  government  of  this  coimtry  during  the  greater  part  of 
the  period  I  have  been  treating  of,  was  early  made  acquainted 
by  Mr  .Clerk  himself  with  his  ideas  on  the  subject  so  often 
mentioned  ;  and  in  the  beginning  of  his  political  career,  when 
yet  King's  Advocate  in  Scotland,  was  consulted  on  the  best 
means  of  bringing  forward  those  ideas,  and  gave  his  advice 
with  the  readiness  and  frankness  for  which  he  was  remarkable 
in  all  situations  of  life.  It  is  apparent,  that  he  never  ceased 
to  hold  Mr  Clerk's  discovery  in  the  highest  estimation  ;  and 
of  this,  his  observation  at  Walmer  Castle  (on  hearing  of  Lord 
Duncan's  victory  above  related)  is  a  sufBcient  proof, — an  obser- 
vation that  conveyed  a  severe  censure  on  himself,  and  on  the 
Minister  to  whom  it  was  addressed,  imless  they  both  felt  that 
their  power  of  rewarding  the  merit  in  question  was  restrained 
by  some  considerations  known  to  themselves^  and  invisible 
to  the  public  at  large. 

Lord  Melville  had  particularly  studied  the  affairs  and  the 
interests  of  the  Navy ;  he  had  been  for  a  long  time  at  the  head 
of  the  Admiralty ;  and  there  is  reason  to  think,  that  he  was 
sensible  of  the  improper  neglect  with  which  the  Author  of  the 
Naval  Tactics  had  been  treated.  I  have  been  assured  that  he 
had  represented  this  to  Mr  Pitt,  but  when  it  was  too  late,  and 
when  that  Minister  was  drawing  near  the  end  of  life. 

If  I  might  venture  any  conjecture  on  the  cause  of  an  omis- 
sion which  it  is  impossible  to  justify,  I  should  be  disposed  to 
ascribe  it  to  the  fear  of  giving  offence  to  the  Navy,  and  to  con^ 
sider.  it  rather  as  rjeiaulting  from  an  excess  of  caution,  than 
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from  direct  or  intentional  neglect  It  might  seem  to  derogate 
from  the  glory  of  our  Naval  Officers,  to  recognise  a  Landsman 
as  the  author  of  one  of  the  most  valuable  discoveries  that  had 
been  made  in  their  own  art, — as  the  person  who  had  not  only 
pointed  out  the  new  principle,  but  had  completely  unfolded  its 
advantages,  and  predicted  its  effects.  If  this  were  the  ground 
on  which  the  reward  was  withheld,  it  must  at  once  be  consider- 
ed as  very  insufficient  for  the  purpose  of  justification.  The  man 
entrusted  with  the  power  of  rewarding  merit,  ought  no  more^ 
than  those  who  have  committed  to  them  the  office  of  punish- 
ing guilt,  to  be  accessible  to  any  voice  but  that  of  truth  and 
justice.  The  little  and  mean  jealousies  that  may  be  excited, 
by  an  .impartial  discharge  of  their  duty,  ought  never  to  in- 
terfere with  the  perfoqnance  of  what  is  imperioqsly  called  for. 
Jealousy,  in  the  present  instance,  was  a  weakness  that  deserves 
no  indulgence;  it  was  vanity  and  selfishness  that  ought  to 
have  met  with  no  sympathy,  no  toleration.  If,  indeed,  such 
feelings  any  where  exist,  there  is  fortunately  no  reason 
to  think  them  general ;  and  it  is  a  duty  which  I  most 
willingly  discharge,  to  say,  that  the  Naval  Officers  with 
whom  I  have  had  the  honour  to  converse  on  this  subject^ 
have  all  in  the  most  unequivocal  terms  expressed  their 
conviction  of  the  importance  and  originality  of  Mr  Clerk's 
discovery.  That  there  are  exceptions  to  this  rule,  I  can  only 
state  as  a  conjecture,  necessary  to  explain  what  is  otherwise  so 
difficult  to  be  accounted  for* 

But  to  whatever  cause  the  neglect  of  which  I  now  complain 
is  to  be  attributed,  it  is  certain  that  the  Government  and  the 
Navy  have  both  lo^t  a  great  opportunity  of  doing  honour  to 
themselves.  A  National  Monument,  that  would  have  marked 
the  era  of  this  great  improvement,  and  testified  the  gratitude 

of 


Digitized  by 


Google 


OF  TH£  LATE  JOHN  CLERK,  ESQ.  OF  ELDIN.  137 

of  the  Nation  to  the  author,  would  have  been  very  creditable 
to  the  Minister  under  whose  patronage  it  was  erected ;  and  an 
acknowledgment  from  the  Navy,  that  this  discovery  was  the 
work  of  a  Landsman,  would  have  been  highly  becoming  in  a 
profession,  of  which  intrepidity  and  valour  are  not  more  cha- 
racteristic than  frankness  and  generosity. 
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IX.  On  Circular  Polarisation^  as  exhibited  in  the  Optical 
Structure  of  the  Amethyst^  with  Remarks  on  the  Distribution 
of  the  Colouring  Matter  in  thai  Mineral.  By  David 
Brewster,  LL*  D.  F.  R.  S.  Lond.  &  Edin.  * 


(Read  November  15.  1819.J 

Xn  plates  of  Rock-Crystal  cut  perpendicular  to  the  axis  of 
the  prism,  an  unusual  kind  of  polarisation  had  been  observed 
in  the  colours  seen  akmg  the  axis.  The  phenomena  were 
subsequently  analysed  by  M.  Bior,  who  remarked^  that  in 
some  specimens  of  qufutz,  the  succession  of  tints  appeared 
by  turning  the  doubly  refracting  prism  from  right  to  left^  while 
in  other  specim^is  the  same  succession  was  developed  by 
turning  the  prism  from  /a/JC  to  right;  and  he  concluded  from 
his  experiments,  that  the  quartz  impressed  upon  the  particles 
of  light  a  rotatory  motion^  and  that  this  property  bdonged  to 
the  ultimate  particles  of  silex,  and  was  independ^it  of  their 
mode  of  a^regation. 

The  same  species  of  colours  was  afterwards  observed,  about 
the  same  time,  by  MM.  Biox  and  Seebeck,  in  transmitting 
polarised  light  through  considerable  thicknesses  of  some  essen- 
tial oils,  and  solutions  of  sugar  and  camphor ;  and  this  new 

s  2  fact 


'^  The  properties  of  Amethyst,  describc^d  in  this  paper,  were  discovered  in  1817 ; 
and  were  iwwioceiltto  llie  Hajd  Society  on  die  18th  Jamtary  1810. 
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fact  seemed  to  confirm  the  supposition  that  the  colours  were 
not  dependent  upon  crystallisation. 

My  attention  was  particularly  directed  to  these  phenomena, 
(which  we  shall  distinguish  by  the  name  of  Circular  PolarUa- 
fion^J  in  consequence  of  having  discovered  distinct  traces  of 
them  in  crystals  with  two  axes.  The  tints  appeared  at  the 
poles  of  the  resultant  axes,  and  the  same  crystal  seemed  to 
unite  the  properties  of  both  the  varieties  of  rock-crystal. 
Another  specimen  of  the  same  mineral  was  entirely  destitute 
of  these  tints,  so  that  I  could  not  avoid  drawing  a  conclusion 
opposite  to  that  of  Bior,  and  of  supposing,  that,  in  this  case  at 
least,  crystallization  had  some  share  in  the  production  of  the 
tints.  This  conclusion  received  no  slight  confirmation, 
when  I  discovered  the  double  system  of  rings  in  crystallised 
sugar,  and  found  that  they  exhibited  none  of  the  phenomena 
of  circular  polarisation,  although  these  phenomena  are  finely 
developed  in  a  solution  of  that  substance. 

If  the  property  of  producing  circular  polarisation,  were  es- 
sential to  the  particles  of  silex^  it  is  not  easy  to  understand 
why  it  is  not  exhibited,  to  a  certain  degree,  by  all  the  siliceous 
substances,  and  particularly  by  Opal  and  Tabasheer^  the  for- 
mer of  which  contains  above  90  per  cent,  of  that  earth. 

The  great  resemblance  of  Amethyst  to  Quartz^  both  in  crystal- 
lisation and  chemical  composition,  induced  me  to  examine  it 
with  particular  care.  Werner  had  boldly  attempted  to 
draw  a  distinction  between  these  minerals,  which  the  less 
practised  eye  of  other  mineralogists  had  confounded ;  and  it 
will  be  considered  as  no  ordinary  proof  of  his  wonderfiil  saga- 
city, that  this  distinction  has  been  fiilly  confirmed  by  the  op- 
tical results  which  it  is  the  object  of  the  present  paper  to  de- 
scribe. 

Having  procured  above  60  JmethyitSj  principally  from  the 
Brazils,  some  of  which  were  lilacj  others  yelhw^  others  green^ 
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and  some  perfectly  colourless^  I  cut  various  plates  of  them  per- 
pendicular to  the  Bxis,  and  examined  them  when  exposed  to 
polarised  light.  A  structure  of  a  very  extraordinary  kind  pre- 
sented itself;  but  in  most  cases  it  was  so  minute,  that  I  was 
obliged  to  analyse  the  emergent  light  by  microsomes  oi  Agate 
and  Tourmaline  ♦.  When  the  structure  was  regular,  three  sepa- 
rate sets  of  veins  were  seen,  as  shewn  in  Plate  X.  Fig.  1.  whidi 
represents  a  plate  cut  from  the  pyramidal  summit  of  a  pink- 
coloured  amethyst 

The  veins  resembled  a  number  of  V*8  inclosed  in  one  another, 
and  each  set  was  opposite  an  alternate  face  of  the  prism,  the  apex 
being  directed  to  the  centre.  Upon  examining  these  alternate 
veins,  I  found  that  the  series  distinguished  by  a  faint  blue 
tint,  produced  the  succession  of  colours,  by  turning  the  prism 
from  right  to  left ;  while  the  series  with  ^ftiint  yellow  tint  pro- 
duced the  same  succession,  by  turning  the  prism  from  left  to 
right  f. 

Each  of  these  fringes  was  placed  between  two  of  an  oppo- 
site character,  and  separated  from  them  by  a  black  fringe^ 
where  the  crystal  produced  none  of  the  tints  of  circular  polari-^ 

sation, 


*  After  I  discovered  that  the  Agaie  gave  a  single  polarised  image,  in  conse- 
quence of  die  disperrion,  and  partial  abeorption,  of  the  rays  which  form  the  other 
image  (See  PhU.  Trans.  181S,  p.  lOS.  and  1814,  p.  189.),  I  empbyed  it  constant- 
ly  as  a  part  of  my  apparatus,  as  may  be  seen  in  the  Phil  Tram.  1814,  p.  90S, 
906,  908,  &C.  &c.,  and  when  the  aid  of  a  nucrosoope  was  necessary,  I  cemented 
a  thin  plate^  with  Canada  Balnm,  upoa  the  phon  ade  of  a  PlanMonvvx  Lens. 
By  the  method  described  in  the  PhiL  Tnms.  1819,  p.  146,  I  have  extinguished 
one  of  the  imi^;es  of  Cakareoui  Spar  so  completely,  that  the  place  where  it  dxmld 
have  been  could  not  be  distinguished,  even  in  the  strongest  lights ;  and  I  have  ae* 
cordfingly  used  it  as  an  analyring  prism,  in  prafomce  to  die  agate  and  the  tourm» 
line,  l^pidbi^  JWica,  and  other  subttanoes  whkfaidMorb  one  of  t^ 
be  employed  for  the  same  purposes. 

f  See  the  description  of  the  Qgures  at  the  end  of  the  paper. 
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sation^  or  rather  where  these  tints  were  extinguished  by  the 
opposite  action  of  the  two  adjacent  veins  *• 

In  many  specimens  of  Amethyst,  these  veins  are  distributed 
With  great  irregularity,  and  sometimes  they  are  so  extremely 
thin,  that  the  two  circularly  polarising  structures  almost  entire- 
ly disappear,  and  leave  the  crystal  with  the  power  of  producing 
a  system  of  rings  with  thp  black  cross  distinctly  traversing 
them.  In  those  specimens  where  the  circular  tints  are  nearly 
extinguished,  the  amethyst  exhibits,  in  the  most  distinct  man- 
ner, two  resultant  axes,  inclined  to  one  another  between  three 
sndfour  degrees. 

The  black  hyperbolic  branches  appeared,  as  is  usual  in  cry- 
stals with  two  axes,  in  an  azimuth  of  45^,  and  different  tints, 
analogous  to  those  of  Absorbing  crystals,  were  se^i  within  imd 
without  these  branches.  The  tints  between  the  convex  summits 
of  the  hyperbolic  branches,  were  sometimes  of  a  deep  purple^ 
and  in  other  specimens  of  a  pink  hue ;  while  the  tints  within 
thesame  concave  summits,  were  of  a  slaty  blue  or  of  a  reddish 
white  colour.  The  plane  of  the  resultant  axes  was  always  per- 
pendicular to  the  radius  of  the  sector  which  exhibited  the  two 
axes. 

Phenomena  similar  to  those  which  have  been  described, 
are  seen  likewise  in  the  olive-coloured  amethysts,  and  in  those 
which  are  colourless  like  quartz  ;  and  we  are  therefore  entitled 
to  conclude,  that  the  amethyst  combines  in  itself  both  the 

structures 


•  If  we  oonaider  Circular  Pohrisaiion  as  having  its  origin  in  a  deviation  from 
the  usual  laws  of  crystallisation,  the  parts  of  Amethy^  corresponding  to  tlie  biack 
Jringe  may  be  regarded  as  pcodnced  under  the  influence  at  the  usual  laws,  while, 
during  the  formation  of  the  opposite  veins,  betfwasen  which  it  is  interposed,  the 
crjrstallisi^on  was  subjedt  to  the  tfmisual  law&  differently  relaxed  to  the  ws,  ac^. 
cording  as  the  polarisation  is  direct  or  rgtrqgrade. 
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structures  of  the  two  optical  varieties  of  quart; ;  that  these  two 
structures  are  disposed  in  plates  parallel  to  the  axis  of  the 
prism ;  that  tliese  plates  are  inflected  into  various  forms,  and 
that  thej  modify  each  others  action,  and  are  sometimes  so  mi- 
nute as  to  destroy  the  circular  tints  which  each  of  them  would 
have  produced  separately. 

The  Ulac  tints,  from  which  the  amethyst  derives  its  peculiar 
colour,  and  its  value  as  a  precious  stone,  generally  (though 
not  always)  reside  in  the  veined  part  of  the  specimen ;  but 
when  the  colour  is  removed  by  heat,  neither  the  veins  nor 
their  optical  actions  sufibr  any  change. 

In  some  specimens  I  have  found  the  red  colouring  matter 
arranged  in  veins  corresponding  with  the  dark  spaces  where 
the  two  structures  destroy  one  another. 

This  phenomenon  is  finely  seen  in  the  amethyst  represent- 
ed in  Fig.  1.  which  has  the  appearance  shewn  in  Fig.  2.  when 
narrowly  examined  with  common  light,  and  also  with  pola- 
rised light,  the  colour  of  the  veins  varying  in  different  posi- 
tions, according  to  the  quantity  and  nature  of  the  tint,  ab- 
sorbed in  different  azimuths  *.  In  order  to  explain  die  distri- 
bution, of  the  colouring  matter  in  this  and  similar  specimens, 
let  a,  a,  a,  a,  a,  a.  Sic  Fig.  3.  be  the  blade  lines  which  separate  the 
two  structures,  and  let  6, 6, 6,  fr,  b\  b\  Sec  be  the  lines  where 
the  one  structure  has  begun  to  affect  die  tint  of  the  opposite 
structure,  then  the  colouring  matter  begins  at  the  line  6, 6, 6, 
and  gradually  increases  till  it  is  a  maximum  at  aaa^  from 
which  it  again  diminishes,  and  becomes  a  maximum  at  b\  b'b\ 
and  so  on,  increasing  and  diminishing  in  a  similar  manner. 
These  tints  vary  in  different  azimuths,  being  sometimes  purple 

in 


^  See  Philo$ophicid  TransactioM,  1819,  p.  11. 
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in  the  plane  of  primitive  polarisation,  and  pale-red  in  a  plane 
at  right  angles  to  it 

In  another  amethyst^  shewn  in  Fig.  4.  the  portion  A  giave 
the  retrograde  tints,  and  B  the  direct  tints :  the  dire^  veins 
were  lilac ;  the  retrograde  veins  brommh-^red;  and  the  dark 
lines  yellowisk-white. 

In  other  crystals  the  colouring  matter  affects  the  largest 
masses  of  the  structure,  such  as  those  left  white  in  Fig.  L  which 
separate  the  veined  sectors.  In  a  very  interesting  speci- 
men, sli^wn  in  Fig.  5.  the  lines  AE,  BF,  DG,  which  divide 
the  hexahedral  crystal  into  triangular  prisms,  are  distinctly 
seen  by  common  light;  and  one  of  these  prisms,  BCD,  is 
alone  tinged  with  the  red-colouring  matter.  Upon  exposing 
this  crystal  to  a  polarised  ray,  I  found  that  the  sector  BCD, 
consisted  of  two  opposite  structures  a,  6,  separated  by  the 
curved  vein  mtij  where  their  opposite  actions  were  tn  e^i- 
librio ;  and  hence  it  follows,  that  the  colouring  matter  affected 
idl  the  three  structures  of  the  specimen.  This  subdivision  of 
the  crystal  into  hexahedral  prisms,  seems  to  indicate  that  the 
dodecahedron  may  be  formed  by  two  intersecting  rhomboids, 
to  which  the  two  structures  may  be  related. 

In  a  large  white  amethyst,  tinged  with  masses  of  yellow, 
I  found  that  the  yellow-colouring  matter  resided  in  three  une- 
qual sectors.  A,  B,  C,  Fig.  6.  all  the  rest  of  the  crystal,  consist- 
ing of  narrow  veins  of  the  opposite  structure,  which  became  so 
minute  as  to  destroy  one  another  almost  entirely  in  the  sector 
D,  which  exhibited  in  the  highest  perfection  the  two  axes  and 
the  hyperbolic  branches.  The  sectors  A  and  C  were,  as  it 
were,  expansions  of  direct  veins,  while  B  was  the  expansion 
of  a  retrograde  vein,  and  B  and  C  were  separated  by  a  dark 
line,  from  which  the  tints  ascended  to  a  green  of  the  second 
order. 

Among 
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Among  the  numerous  amethysts  which  I  prepared  for  exa- 
mination, there  was  one  of  a  very  interesting  nature.  One 
half  of  it  was  yellow^  and  the  other  lilac.  The  yellow  half  ex- 
hibited the  tints  of  circular  polarisation  ;  but  the  lUax^  half 
seemed  entirely  destitute  of  them.  The  application  of  the 
microscope,  however,  displayed  in  the  lilac  portion  a  sort  of 
rippled  structure,  like  that  of  the  agate*,  and  I  distinctly  saw 
various  remaining  specks  of  the  two  structures,  by  whose  oppo- 
sing agencies  the  circular  tints  had  been  extinguished.  This 
specimen  is  shewn  in  Fig.  7.  where  B  is  the  yellow,  and  A  the 
lilac  portion,  separated  by  a  sharp  line  m  n. 

In  another  specimen,  represented  in  Fig.  8.  but  without  any 
natural  faces,  the  one  half  A  had  the  direct  circular  polarising 
structure,  while  the  other  half  B  had  the  retrograde  structure, 
And  the  junction  of  tliese  opposite  tints  was  marked  by  a  black 
line  m  «,  from  each  side  of  which  the  colours  ascended  in  the 
scale  to  the  Greenish  Pink  of  the  second  order.  The  part  of 
the  crystal  corresponding  with  the  black  line  was  colourless, 
while  both  the  portions  A  and  B  had  a  dark-yellow  tinge. 
This  black  space  constantly  occurs  between  the  two  opposite 
structures ;  though  I  have  various  specimens,  such  as  that  in 
Fig.  11.  where  the  same  structure  appears  to  exist  on  both 
sides  of  it.  I  have  always  found,  however,  upon  minute  exa- 
mination, that  in  this  case  the  second  structure  exists  in  the 
middle  of  the  irregular  black  space^  having  nearly  exhausted  i/- 
self  in  neutralising^  to  a  certain  extent j  the  opposite  structure 
which  encircles  it. 

Although  the  veined  structure,  when  it  is   regular,   most, 
commonly  resides  in  the  alternate  sectors  of  hexahedral  pyra- 
mids of  amethyst,  yet  I  have  found  specimens  in  which  it  is 
placed  in  a  different  manner.     In  a  colourless,  and  also  in 

VOL.  IX.  p.  I.  T  an 

•  See  PhU.  Trans.  1814,  p.  192 ;  and  PL  V.  Fig.  1,  2. 
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an  olive*coloured  amethyst,  the  whole  of  the  specimen  is  oo 
cupied  with  the  veined  sitructure,  as  shewn  in  Fig.  9.  eaeh  sys* 
tem  of  veins  covering  a  sector  of  120^  In  another  specimen, 
shewn  in  Fig.  10.  the  veined  sectors  were  four  in  number,  two 
of  them  corresponding,  as  at  B  and  D,  with  opposite  sides 
of  the  hexagon,  and  the  other  two  corresponding,  as  at  A  and 
C,  with  two  of  its  opposite  angles.  In  this  last  specimen  the 
veined  part  was  tinged  with  pink,  and  the  crystal  was  foul  near 
its  axis.  In  another  specimen.  Fig.  11.  which  contained  part 
of  the  pyramid,  and  part  of  the  prism,  of  a  very  fine  crystal, 
the  veined  structure  occupied  all  the  half  ABCDA,  which  was 
nearly  colourless ;  and  the  other  half  AF£DA,.which  had  cir- 
cular polarisation,  was  of  a  yellow  colour,  excepting  m  the  twa 
places  where  the  opposite  tints  had  extinguished  one  another. 
In  the  parts  a  and  c  the  tints  were  retrograde,  and  in  6  di- 
rect 

The  finest  specimen  of  amethyst  which  I  have  ever  seen,  is 
shewn  in  Fig.  12.  which  is  drawn  of  the  natural  size,  and 
which  represents  a  section  of  part  of  the  pyramid  and  part  of 
the  prism.  On  the  three  alternate  sides  of  the  prism,  viz. 
MN,  OP  and  QH,  are  placed  sectors  McN,  OdP,  QaR, 
which  are  divided  into  two  parts  by  dark  lines  c  c\  d  d\  a  d^ 
which  separate  the  direct  structures  of  A,  C,  and  E  fiK>m  the 
retrograde  structures  of  B,  D,  and  F.  On  the  other  three  al- 
ternate faces  of  the  prism  are  placed  the  three  veined  sectors 
Mc6aR,  Nc6<^0,  and  VdbaQ^  which  meet  at  6  in 
angles  of  120"",  and  consist  of  veins  of  opposite  structures  aU 
ternating  with  each  other,  aiid  so  minute,  that  in  many  places 
the  circular  tints  are  almost  whoUy  extinguished  by  their  mu- 
tual action.  The  direct  sectors  A,  C  and  £  are  all  connected 
together  by  the  three  radial  veins  6  a,  bc^bd^  and  are  there- 
fore to  be  considered  as  the  expanded  terminations  of  these 

veins. 
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reins.  The  retrograde  sectors  B,  D  and  F  are  expansions  of 
the  first  retrograde  veins  next  to  dbc^  dba  and  abcp  and 
the  lines  c  c ,  d  d  and  a  d  are  continuations  of  the  dark  or  neu- 
tral lines  which  separate  the  first  retrograde  vein  firom  the  di- 
rect radial  veins. 

All  the  sectors  A,  B,  C,,  D,  £  and  F,  are  of  a.t/ellowish^ 
brown  colour,  and  all  the  rest  of  the  crystal  is  of  a  pale  lilac 
colour ;  the  lilac  tints  being  arranged  in  the  manner  previous* 
ly  described.  The  phenomena  which  I  have  now  mentioned 
as  existing  in  this  specimen  are  very  common  in  the  ame- 
thyst ;  and  I  have  never  yet  found  a  specimen  in  which  the 
yellow  tints  were  not  confined  to  those  portions  which  formed 
the  expanded  termination  of  veins,  a  fact  which  indicates  that 
this  would  have  been  the  colour  of  the  crystal,  whether  its  ac- 
tion were  direct  or  retrograde,  and  that  the  lilac  colour  af- 
fects in  general  those  portions  which  are  composed  of  oppo- 
site veins. 

Hitherto  we  have  considered  the  appearances  exhibited  by 
amethyst  in  a  direction  coincident  with  the  axis  of  the  prism. 
When  we  examine  it  in  a  direction  transverse  to  the  axis, 
we  receive  no  assistance  firom  die  phenomena  of  circular  pola- 
risatioui  as  the  force  by  which  they  are  produced  extends  on- 
ly to  a  very  small  distance  fi*om  the  axis ;  but  die  structure  of 
the  crystal  is  fortunately  rendered  obvious  by  other  means. 
In  Fig.  13.  we  have  represented  a  section  of  the  pyramid  of  ame- 
thyst, cut  by  a  plane  parallel  to  one  of  the  faces  of  the  pyramid, 
in  order  to  explain  the  several  phenomena  which  it  displays.  The 
upper  pyramidal  layer  ABC  is  commonly  pink,  but  often  brown- 
ish or  bluish,  and  composed  of  strata  of  difierent  shades  of  colour. 
The  next  layer  is  yellowish  white ;  the  third  layer  D£  is  pink 
like  the  first ;  the  fourth  layer  is  yellowish-white ;  and  the  fifth 
layer  FG  is  like  the  first  and  tlurd,  bdng  succeeded  by  a 

T  2  yellowish«^ 
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yellowish-white  oi^.  All  these  strata  are  sections  of  the 
planes  of  the  primitive  rhomb,  the  third  plane  being  per- 
pendicular to  the  eye.  These  layers  are  crossed  by  the  veins 
abj  cdy  turning  away  from  the  axis  at  their  summits,  so 
as  to  fall  more  perpendicularly  upon  the  faces  AB,  AC  as 
they  approach  to  B  and  C  Each  alternate  vein  is  pink 
where  it  traverses  the  pink  layers,  and  of  a  deeper  yellow 
where  it  traverses  the  yellowish-white  layers.  I  was  now 
anxious  to  ascertain  whether  there  was  any  difference  in  the 
mechanical  state  of  those  parts  of  the  veins  which  gave  the 
black  fringes,  and  those  which  produced  circular  polarisation, 
as  the  veins  were  often  visible  in  common  light,  an  effect 
which  could  arise  only  from  a  difference  of  mechanical  or  of 
refractive  density.  With  this  view,  I  cut  a  plate  about  j^^th 
of  an  inch  thick,  out  of  a  large  amethyst,  by  planes  passing 
through  the  axis.  Having  divided  this  plate  into  two  parts, 
I  placed  the  one  above  the  other,  so  as  to  counteract  its  pola- 
rising and  doubly  refracting  forces,  and  exposing  it  to  polari- 
sed light,  I  had  a  system  of  rectilineal  tints  M,  N,  Fig.  14.  of 
opposite  characters,  separated  by  the  black  fringe  AB,  all  of 
which  were  perfectly  free  from  the  tints  of  circular  polarisation  *. 
Upon  examining  them  with  an  analysing  microscope,  I  distinct- 
ly observed,  that  they  were  crossed  with  the  veins  of  the  ame- 
thyst, though  these  veins  were  entirely  invisible  either  in  ordi- 
nary or  polarised  light  previous  to  the  super- position  of  the 
plates.  The  tints  produced  by  the  ordinary  polarising  force  were 
always  a  minimum  at  the  lines  corresponding  with  the  black  frin- 
ges 


*  Plates  of  Rock-Crystal  ciU  and  arranged  in  this  mannH*,  fcmm  the  best  com- 
bination for  exhibiting  the  different  <»tlers  of  colours. 
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ges  which  separated  the  direct  and  retrograde  structures,  and 
increased  to  the  centres  of  these  structures,  from  which  they 
again  diminished  to  the  adjacent  limit  of  the  next  vein. 
Hence  we  deduce  the  important  fact,  that  the  direct  and 
retrograde  veins  in  Amethyst  have  a  greater  polarising  forces 
and  consequently  a  greater  force  of  double  refraction  than 
the  interval  between  them^  corresponding  with  the  black  fringe. 
As  the  two  structures  pass  into  one  another,  through  this  line 
as  their  node,  by  insensible  gradations,  we  cannot  avoid  con- 
cluding, that  the  cause,  whatever  it  may  be,  which  gives  to 
the  particles  of  Quartz  the  peculiar  arrangement  that  produ- 
ces circular  polarisation,  gives  them  at  the  same  time,  when 
thus  arranged,  an  increase  of  polarising  and  doubly  refracting 
force. 

These  results,  considered  merely  as  optical  facts,  would 
have  entitled  mineralogists  to  separate  Quartz  and  Amethyst ; 
and  it  is  highly  probable,  that  the  two  varieties  of  quartz,  and 
the  amethyst,  will  be  found  to  exhibit  some  remarkable  differ- 
ence in  their  crystalline  structure,  to  which  the  difference  in 
their  optical  properties  may  be  ascribed.  It  is  fortunate,  how- 
ever, that  the  optical  structure  which  we  have  pointed  out  dis- 
plays itself  by  precise  mineralogical  characters.  The  combi- 
nation of  veins  may  be  seen  even  in  common  light.  They  ap- 
pear cropping  out,  as  it  were,  upon  the  alternate  faces  of  the 
pyramid,  as  shewn  in  Fig.  1.  at  A,  C,  and  £ ;  or  on  all  the 
faces  when  the  whole  prism  is  pervaded  by  the  veined  struc- 
ture, aiid  the  fracture  across  the  veined  portions,  exhibits  a 
beautiful,  and  sometimes  a  regular  rippled  structure,  not  un- 
like the  engine-turning  on  the  back  of  ornamental  watches. 
This  rippled  structure,  which  I  have  attempted  to  represent  in 
Fig.  15.  is  an  infallible  proof  that  the  specimen  is  amethyst, 
whether  it  is  yellow^  orange^  olwe-green^  lUac^  or  perfectly  co- 

Umrlen. 
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lourksi.  The  fracture  in  the  direction  of  the  black  fringe  is 
roughs  and  along  the  two  opposite  veins  polished ;  so  that  in 
specimens  that  have  been  injured,  we  can  see  even  ina  direc- 
tion transverse  to  the  axis,  as  in  Fig»  13.  the  veined  struc- 
ture distinctly  marked  by  a  succession  of  opaque  and  transpa- 
rent lines. 

During  the  preceding  experiments,  I  remarked  the  follow- 
ing property  of  circular  polarisation,  which  enables  us  to  as- 
certain whether  the  structure  is  direct  or  retrograde,  without 
employing  an  analysing  prism. 

Let  AB^  Fig,  16-  be  a  plate  of  amethyst,  one  half  of  which 
APQhas  the  direct  circular  polarising  structure,  and  the  other 
half  BPQ  the  retrograde  structure.  Let  the  plane  of  primitive 
polarisation  MN  coincide  with  FQ^  If  we  now  take  a  plate  of 
sulphate  of  lime,  w.hich  polarises  a  white  of  the  first  order,  and 
place  its  axis  parallel  to  MN,  it  will  not  affect  the  tints  in  ei- 
ther half  of  the  plate  AB,  which  we  shall  suppose  to  be  a 
white  of  the  first  order.  If  the  axis  of  the  sulphate  of  lime  is 
shifled  to  CD,  it  will  raise  the  white  tint  of  the  direct  portion 
to  a  yelloWy  growing  brighter  as  it  moves  round,  and  becoming 
orange f  red^  pink^  and  blue;  the  blue  becoming  fainter,  and  ter- 
minating in  white^  when  CD  reaches  the  position  BA.  If  die 
axis  of  the  sulphate  of  lime  moves  from  MN  to  c  cf,  the  white 
tint  of  the  direct  portion  will  become  faint  blue^  then  more 
blue^  then  pink^  orange^  and  yeUow.  The  effect  on  the  retro- 
grade structure  is  quite  the  reverse  of  this,  the  one  becoming 
blue  when  the  other  is  t/elhw;  but  the  resulting  tint  is  always 
the  same,  whether  a  plate  of  sulphate  of  lime  crosses  the  direct 
or  the  retrograde  circular  tint 

The  properties  of  amethyst  which  have  now  been  described, 
render  a  plate  of  this  subirtAnce  a  valuable  addition  to  our  ap- 
paratus 
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paratus  for  conducting  experiments  on  the  polarisation  of 
light  If  we  wish  to  place  the  principal  section  of  the  analy- 
sing prism  exactly  in  the  plane  of  primitive  polarisation,  we 
have  only  to  interpose  a  thin  plate  of  amethyst,  like  that 
shewn  in  Fig.  L,  and  if  the  tints  of  both  sets  of  veins  are  ex- 
actly similar,*  the  analysing  prism  will  have  the  required  posi- 
tion. If  the  one  set  of  tints  is  bluer  or  whiter  than  die  other, 
or  if  there  is  the  slightest  difference  between  them,  the  posi- 
tion of  the  prism  must  be  altered,  till  that  difference  is  no 
longer  perceptible. 

If  we  wish  to  place  a  plate  of  sulphate  of  lime,  or  any  other 
crystal,  so  as  to  have  its  principal  section  in  the  plane  of  pri- 
mitive pcdarisation,  the  interposition  of  the  amethyst  plate  will 
give  us  the  same  assistance,  by  indicating  that  the  circular 
tints  are  not  affected  by  it;  whereas  if  we  wish  to  place  the 
axis  of  the  sulphate  of  lime  at  an  angle  of  45*"  to  the  primitive 
plane,  the  amethyst  wiU  point  out  this  position,  when  the  op- 
posite  circular  tints  suffer  an  equal  change. 

The  observations  contained  in  the  preceding  pages  are  the 
results  of  an  immense  variety  of  experiments,  which  acciden- 
tal circumstances  put  it  in  my  power  to  make  upon  this  inte- 
resting mineral.  Having  had  access  to  whole  bagfuls  of  ame- 
thystine pyramids  from  the  Brazils,  in  the  possession  of  Mr 
Alexander,  lapidary  in  Edinburgh,  I  have  examined  some 
hundred  specimens ;  and  though  I  have  not  been  able  to  re- 
present one-tenth  part  of  the  varieties  of  arrangement  assu- 
med by  the  colouring  matter  und  the  veins,  yet  I  have  given 
the  most  general,  and,  I  trust,  the  most  interesting  of  them. 
I  have  purposely  omitted  the  different  appearances  which 
are  produced  by  crossing  the  veins  of  different  specimens,  be- 
cause they  are  deducible  from  established  principles,  and  like- 
wise other  phenomena  of  colour,  which  arise  from  the  action 
of  a  number  of  minute  strata  upon  light,  when  it  is  made  to 
pass  between  them. 
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DESCRIPTION  OF  THE  FIGURES  IN  PLATE  X. 

In  all  the  Figures  of  thb  Plate,  which  have  been  coloured  in  order  to  repre- 
sent the  two  structures,  the  direct  and  retrograde  y&ns  ai*e  distinguished  by  a 
flight  difference  of  tint, — a  difference  which  is  actually  produced  by  turning  the 
principal  section  of  the  analysing  prism  a  slight  degree  out  of  the  plane  of  prirai- 
tive  polarisation.  When  the  principal  secticm  of  the  analysing  prism  is  exactly  in 
the  plane  of  polarisation,  the  tints  of  the  two  structurcfs  are  perfecdy  alike,  when 
the  veins  are  of  the  same  size. 

Fig.  1.  Is  a  plate  cut  out  of  a  pyramid  of  Amethyst,  and  about  j^^th  of  an  incli 
thick.  The  blue  and  yellow  vdns  are  separated  by  a  black  fringe,  towards 
the  middle  of  which  the  tints  gradually  shade  off",  and  no  direct  vein  ever 
passes  into  a  retrograde  one,  without  the  interposition  of  a  black  fringe.  The 
veined  structure  af^)ears  on  the  alternate  faces  of  the  pyramid,  as  shewn  in 
the  Figure. 

Fig  2.  Shews  the  arrangement  of  the  colouring  matter  in  tlie  veined  sectors. 

Fig.  4.  Shews  a  form  of  the  veins  which  is  not  very  common. 

Fig.  6.  In  the  sector  GCF  of  this  Figure,  I  have  shewn  an  arrangement  which 
the  double  structure  sometimes  assumes ;  though  it  did  not  occur  in  the  spe- 
cimen represented  in  the  Figure,  and  already  described. 

Fig.  6.  Shews  the  structure  of  an  Amethyst  perfectly  colourless,  excepting  in 
the  three  coloured  sectors,  which  were  yellowish  by  common  light.  The 
thickness  is  about  0.S2  of  an  inch. 

Fig.  7.  In  this  specimen  the  half  971  AC  n  shews  imperfectiy  the  veined  struc- 
ture in  the  part  A,  while  in  the  part  C  small  specks  of  the  two  structures 
may  be  seen  with  a  microscope. 

Fig.  8.  Is  a  specimen  which  has  no  veins,  but  merely  the  two  structures,  a^j 
previously  described. 

Fig.  9*  Is  a  specimen  0.47  of  an  inch  thick,  consisting  wholly  of  direct  and 
retrograde  veins.  This  Amethyst  developes  tints  entirely  different  from  any 
that  I  have  described. 

Fig.  10.  Is  a  remarkable  specimen^  and  the  only  one  of  the  same  kind  that 
I  have  met  with. 

Fig.  11.  In  this  specimen  the  retrograde  portions  a  and  c  were,  as  usual,  sepa- 
rated from  the  direct  portion  d  by  the  black  fringe  m.  The  two  portions  a,  c 
were  also  separated  by  a  black  fringe ;  but  I  found  that  the  remains  of  a  di- 
rect structure  existed  among  the  black  masses  between  a  and  r. 

Fig.  IS.  I  consider  this  spechnen,  and  the  one  ^ewn  in  Fig.  I.  as  exhibiting 
th6  most  general  structure  of  well  crystallised  Amethysts. 

Fig.  IS.  Represents  the  pyramidal  strata  of  a  pink  colour,  seen  by  common  light 
in  a  direction  transverse  to  the  axis. 

Fig.  16,  Shews  the  fracture  of  Amethyst. 

X. 
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X.    An  Examination  of  some  Questions  connected  with  Games  of 
Chance.    By  Charles  Babbaoe,  Esq.  F,  R.  S*  Lond.  & 
£dik« 


(Read  March  21.  1820.^ 

X.  HE  questions  which  I  propose  to  examine  in  the  following 
paper,  although  not  themselves  dependent  on  chance,  have 
arisen  entirely  from  games  in  which  it  predominates.  To  de- 
termine some  method  of  betting  upon  a  number  of  successive 
events,  (and  the  probability  of  each  of  which  is  either  equal 
to,  or  less  than  one-half,)  by  which  a  profit  shall  be  realised 
after  a  considerable  number  of  them  have  been  decided,  is  a 
problem  which  has  occupied  the  attention,  and  exhausted  the 
efforts,  of  one  set  of  speculators,  as  completely  as  that  of  the 
quadrature  of  the  circle  has  defeated  the  labours  of  another. 
The  first  and  most  simple  plan,  is  that  of  doubling  the  stake 
whenever  a  loss  occurs.  This  is  well  known,  and  has  been  so 
frequently  practised,  as  to  have  acquired  a  peculiar  name ;  it 
is  technically  called  the  martingal;  it  requires  for  its  success, 
that  the  person  who  employs  it  have  the  power  of  leaving  off 
whenever  he  please,  and  that  he  have  the  command  of  an  un- 
limited capital.  If  the  chance  of  the  events  happening  is  one- 
third  instead  of  one-half,  the  stake  must  be  tripled.  Suppo- 
voL.  IX.  p.  L  u  sing 
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sing  a  player  adopt  this  system  In  betting  on  a  number  of  in- 
dependent events,  the  chance  of  occurring  of  ^ach  of  which  is 
one-half,  he  would  naturally  desire  to  know,  if  possible,  be- 
fore he  began,  what  would  be  his  profit  or  loss,  supposing  p 
of  the  events  decided  in  his  favour,  and  q  against  him.  In 
this  particular  plan  of  playing,  it  so  happens,  that  he  cannot, 
from  the  mere  knowledge  o£  the  number  of  favourable  and  of 
unfavourable  events,  arrive  at  the  conclusion  he  desires.  I 
shall  presently  show,  that  these  data  alone  are  insufficient,  and 
that,  in  order  to  determine  the  question,  not  merely  the  num- 
ber, but  the  order  of  succession  iQust  be  given. 

It  is  probable  that  this  difiiculty,  in  the  case  of  most  fire- 
quent  occurrence,  has  deterred  many  from  attempting  other 
similar  problems.  Indeed,  on  the  first  view  of  such  questions, 
it  is  by  no  means  apparent,  that  any  of  them  can  be  solved 
without  reference  to  the  order  in  which  the  events  take  place. 
The  mode  of  inquiry  which  I  shall  point  out,  will  show  that  in 
many  cases  their  mutual  arrangement  is  not  required  amongst 
the  data,  and  will  furnish  a  criterion  by  which  we  may  deter- 
mine, in  any  given  case,  whether  it  is  necessary. 

I  shall  first  examine  the  case  of  the  martingal,  which,  al*- 
though  the  results  it  leads  to  are  of  a  negative  nature,  will 
introduce  us  to  the  method  of  treating  th^se  questions,  and 
from  its  frequent  practice  is  rather  iuti^resting. 

Let  us  suppose  a  gamester  bet  a  certain  suni  2tL^  upon  an 
^vent  whose  chance  of  happening  is  one-half  j  whenever  he 
wins  he  repeats  the  same  bet;  but  whenever  he  loses^  he 
doubles  his  last  stake.  If  he  should  win  p  and  lose  q 
times,  it  is  required  to  ascertain  how  much  he  wiil  have  won 
or  lost. 

The  first  stake  being  2u,  which  may  eith^  be  gained  or 
lost,  we  may  represent  the  gamester's  profit  after  one  event  is 

decided 
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decided  by  2ii  ( — -1)*,  a  being  any  whole  number;  for  since 
the  nature  of  the  number  a  is  left  undecided,  whether  it  is  an 
even  or  an  odd  one,  the  expression  just  given  will  represent 
either  a  profit  or  a  loss.  First,  if  a  is  an  even  number,  his 
next  stake  remains  the  same  as  it  was  before,  or  equal  to  2  u, 
if  it  is  an  odd  number,  his  isecond  stake  must  be  4  u.  We  must 
therefore  endeavour  to  find  some  function  of  a  which  shall  be 
equal  to  2u,  when  a  is  an  even  mimber,  and  become  4cu, 
when  a  is  an  odd  one.     A  great  variety  of  functions  may  be 

a 
1  — (->1> 

found  satisfying  this  condition  ;   such  are    2  u  x  2        ^      • 

2u  (  ^^^/j  &ci.  and  many  others.     Our  choice  amongst 

the  infinite  variety  which  present  themselves,  must  be  direc- 
ted by  the  ulterior  operations  of  the  gamester ;  and,  first,  I  re^ 
mark,  that  every  stake  must  be  equal  to  the  constant  quantity 
Uy  multiplied  by  some  power  of  2.  The  next  remark  which 
may  guide  us  in  this  chdice  of  a  proper  function  is,  that  the 
index  of  that  power  Of  2  is  determined  by  the  number  of  times 
(in  immediate  succession)  the  event  has  been  unfavourable, 
reckoning  bade  firom  the  event  about  which  the  stake  is  pro- 
posed :  if,  therefore,  at  any  period,  all  the  preceding  determi- 
nations have  been  unfavourid>le,  the  amount  of  the  next  stake 
will  be  influenced  by  them  all.  It  may  also  be  noticed,  that 
the  successive  powers  of  2  can  be  formed  by  the  addition  of 
all  the  preceding  ones,  together  with  unity,  thus, 

1,  2%  2S  2%  2%  2%  2' 
1-1-2' =2,  l+r  +  2'=^,  l-|-2'-f  2^-f  2*=8,andsoon: 

From  these  considerations  it  appears,  that  the  function  we  re- 
quire may  consist  of  a  series  of  functicHis,  each  multiplying  the 

u  2  successive 
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successive  powers  of  2.  In  order  to  determine  these,  let  us  sup- 
pose that  at  some  point  of  the  game,  the  last  event  has  proved 
favourable ;  then,  by  the  conditions,  the  next  stake  is  2  u ;  and 
whatever  be  the  course  of  succeeding  events,  2u  will  always  form 
part  of  the  stake ;  therefore  it  need  not  be  multiplied  by  any 
function  of  a,  6,  c,  &c.  the  letters  which  determine  the  winning 
or  losing  of  the  subsequent  events.  We  may  therefore  assume 
2  u  as  the  constant  part  of  every  stake,  without  reference  to 
any  particular  order  in  their  occurrence.  If  th6  failure  or  hap- 
pening of  this  event  is  represented  by  ( — 1)*,  a  being  an  odd 
number  in  the  first,  and  an  even  number  in  the  second  case, 

we  must  multiply  the  next  power  of  2,  or  2\  by  some  function 
of  a  which  shall  vanish  when  a  is  an  even  number,  and  be- 
come unity  when  it  is  an  odd  one.     Such  a  function  is  easily 

found,  and  one  of  the  simplest  is  \ — -  .   The  next  stake 

is  therefore  w  (2+  ^~^~^''  2) ,  whatever  be  the  form  of  a. 

The  failing  or  happening  of  this  event  may  be  represented 
by  ( —  1)* ,  and  the  profit  of  the  player  by  this  event  is  then 
represented  by  u  (2  +  ^^=^^P^2»)  (  —  1)*. 

The  third  stake  must  comprehend  the  second  power  of  2, 
and  will  be  of  the  form 

t.(2  +  2/(«,*)  +  2V.K*))- 
If  b  is  an  even  number,  or  the  second  event  is  favourable,  in 
that  case,  the  new  stake  would  be  2u;  and  therefore  both 
/(a,  b)  and/j  (a,  b)  must  vanish.     This  will  take  place  if  each 

has  a  factor  of  the  form  ^~2~^^  i  and  the  new  stake  in  con- 
sequence 
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sequence  becomes 

/and  f^  not  being  the  same  functions  as  before.  If  a  had  been 
an  even  number,  we  may  consider  the  first  bet  as  not  having 
been  made,  since  it  has  no  influence  on  the  succeeding  ones ; 
and  in  this  case  the  expression  ought  to  reduce  itself  to 

f[a^b)  must  therefore  equal  unity,  and /^  (a, 6)  must  vanish 
when  a  is  an  even  number.     This  gives 

„  {2+2' 1=^* +2' l=^V.  («.»)}  . 

This  expression  is  reduced  to  2 1^  if  6  is  an  even  number, 
and  to 

4tt  +  4tt/i  (a,  A) 

when  b  is  an  odd  one ;  /  (a,  b)  must  therefore  be  such  a  func- 
tion of  a,  that  when  a  is  odd,  it  shall  become  unity,  and  when 

even,  equal  zero ;     ~  ^  is  such  a  function,  and  we  then 

have  for  the  third  stake 

„{2  +  2  1=^*  +  2'HF^*.'-^^-}. 

The  law  by  which  we  may  represent  the  stake  to  be  ventured, 
after  the  determination  of  any  number  of  events,  is  now 
apparent ;  had  it  not  been  sufficiently  so,  the  same  reasoning 
which  has  been  already  explained  at  some  length  would  have 
assigned  it  for  the  fourth  stake, 

B  We 
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We  can  now  represent  the  profit  or  losa  <m  each  event,  with- 
out determining  which  of  the  two  it  is: 

On  die  let  he  gains  «  {  S  I  (— 1)' 

W  i.{s  +  l-(-l)*}  (-1/ 

8d 


«{2  +  l-(-l)   +l-(_l)°.l-(-i/}  (-1). 


5th 


V2  +  l-(-l)*  +  l-(-l)  .l-(-l)*  +  i_(-ij" 

4th  »< 

i  .1_(-1)*.1^(_1)'}  (-1K 

^  (2  +  l-(-l/+  l-(-l)  • .  l-(rl)\  1-H)  *.  M-l) '  •  l-(-^* 
(      +i-(-i)'.  1.(^1)*. il^' .  i-H)''}  .  (-1) 

&C.   &C.   &0. 

The  sum  of  all  these  is  the  object  sought :  with  respect  to  that 
part  which  multiplies  2 1^^  it  is  easily  found ;  it  is 

but  we  know  that  he  has  gained  p^  and  lost  q  times ;  conse- 
quently p  of  the  quantities  a,  b^  c.  Sec  are  even  numbers^  and 
q  of  them  odd  ones ;  therefore  the  sum  of  the  series,  multi- 
plying 2u^  is  />  —  9>  and  the  value  of  the  part  alluded  to  is 
^{p'—q)u. 

So  far,  then,  we  can  proceed  by  means  of  the  data  furnished  in 
the  question ;  but  they  are  insufficient  for  its  complete  solu- 
tion, on  attempting  to  find  the  sum  of  that  part  of  the  expres- 
sion 
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sion  in  whidi  (-^1)  has  only  one  index^  it  appears  to  be 

u  I  l(_l)'+2<-lf +3(-l)'+&c.}  ; 

and  the  knowledge  that  p  of  the  letters  a,  6,  c,  &a  represent 
ev^i,  and  q  of  them  odd  numbers^  will  not  assist  us  in  deter- 
^  mining  the  sum  of  this  series  j  we  must  also  be  acquainted 
with  the  order  of  succession  of  the  even  and  odd  numbers. 
Another  reason  will  afterwards  be  assigned,  why  it  is  not  suffi- 
cient merely  to  be  acquainted  with  the  number  of  favourable 
and  of  unfavourable  events,  which  may  with  more  propriety 
be  stated,  when  some  other  questions  of  a  similar  nature  have 
been  examined. 

Let  us  now  consider  another  case,  in  which  the  amount  of 
the  sum  staked  on  eacli  event  follows  a  different  law,  we  will 
suppose  the  following  problem : 

A  gamester  begins  a  series  of  bets  on  an  event  whose  chance 
of  occurring  is  one-hal^  by  staking  the  sum  u.  Whenever  he 
wins  he  makes  the  next  succeeding  stake  less  than  his  last  by 
the  quantity  v ;  but  if  he  lose,  he  then  increases  his  stake  by 
the  same  quantity.  Supposing  he  should  win  p  times,  and 
lose  q  times,  what  will  he  have  gained  Dr.  lost  onthe  whole 
number  jp  +  5^. 

His  first  stake  being  u,  his  first  profit  may  be  expressed  by 
u  ( —  1)",  which  will  be  won  or  lost,  according  as  u  is  even  or 
odd;^  in,  the  first  case  his  next  stake  would  be  u — v,  and  in  the 
second  it  would  heu  +  v.  These  two  cases  may  be  combined 
into  one,  and  thus  expressed  u  —  v{ — 1)",  and  his  second 

profit  will  be   \u  — 1;(— 1)**  j-  ( — 1)*;  his  next  stake  will 

heu-^v^^lY-ry-nMb  19  esqam-but^it  will  ben — v{~lY+v 

if 
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if  that  number  is  odd.     These  may  be  represented  thus : 
tt  —  „  J  (_  1)-  _|.  (_  1)*  1    and  his  third  profit  will  be 

[u^v  {(^l)«+(-l)*}  ]  (-1)., 

the  succeeding  stakes  are  easily  represented  in  the  same  man- 
ner, and  his  profits  stand  thus : 

u(~i)'-t'{(-in(-i)* 

u{^iy^v{  {- ly  +  (- 1)*  +  (~  1)"  +  (- 1)-}  (-1)% 

the  value  of  the  part  multiplying  ti,  or 

(- ir +(-!/+(- ir+ fibe- 
rs easily  found,  since  we  know. that  ^  of  the  quantities  a,  6,  c, 
are  even  numbers,  and  q  of  them  odd  numbers.    The  first 
part  of  the  expression  is  therefore 

{p  —  q)u. 

In  order  to  determine  the  second  part,  we  must  observe, 
that  the  expression 

is  equal  to  the  sum  of  all  the  combinations,  two  by  two  of  the 
quantities  a,  b\  c,  &c. ;  and,  moreover,  that  if  these  latter  are 

the 
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the  roots  of  an  equation,  then  the  expression  just  written  is 
equal  to  the  co-efficient  of  its  third  term.  If  we  change  a! 
into  (—1)%  ft'  into  (—1)*,  c  into  (—1)%  &c  it  becomes  the 
same  as  die  one  whose  value  we  are  seeking.  Hence  then  it 
appears,  that  the  simi  of  all  the  quantities,  multiplying  i;,  is 
equal  to  the  co-efficient  of  the  third  term  of  an  equation  whose 
roots  are  ( —  1)%  ( —  1)*,  ( —  1)%  &c  or  of  the  equation 

o  =  a?  — (—!)•.  0?—  (—1)*.  ic  — (— 1)«.  .  • . 

but  we  know  that  p  of  the  quantities  a,  ft,  c,  &c.  are  even 
numbers,  and  q  of  them  odd  ones ;  therefore  this  equation  has 
p  equal  roots  of  the  form  + 1,  and  q  equal  ones  of  the  form 
—  1,  or  the  equation  is 

and  the  quantity  which  multiplies  t;,  is  equal  to  the  co-efficient 
of  the  third  term  of  this  expression,  which  is 

1.2      —  1*1^      1.8      —  % 

so  that  the  profit  of  the  gamester  is 

W=  (p-9)  u-r  (p-g)^-<P+g).  (1) 

This  result  is  entirely  independent  of  the  order  in  which  the 
events  occurred ;  and  we  may  leam  from  the  method  that  has 
been  employed  for  its  solution,  that  whenever  the  sum  of  all 
the  winnings  or  losings  is  a  symmetrical  function  of  the  quan- 
tities (—1)%  (—1)*,  (—1)%  &c.  the  final  conclusion  will 
not  depend  on  the  order  in  which  the  events  succeed  each 
other,  but  on  the  actual  number  of  favourable  and  unfavour- 
able events. 

VOL.  IX.  p.  I.  X  \XL 
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In  the  instance  we  are  now  considering,  if  the  number  of 
successful  and  of  unsuccessful  cases  are  equal,  the  gamester 
who  adopts  this  system  of  play  will  always  win,  for  in  that 
case  p  =  9^  and  W^  zzpv;  as  a  numerical  example  of  the 
formula  just  investigated  *     Let  us  suppose 

A  person  stakes  100  shillings  on  the  event  of  a  piece  of  mo- 
ney thrown  into  the  air  falling  with  one  of  its  faces  uppermost, 
in  preference  to  the  other ;  whenever  he  wins  he  diminishes 
his  stake  five  shillings,  and  whenever  he  loses  he  increases  it 
by  the  same  sum.  Supposing  he  makes  800  successive  bets, 
and  wins  p,  and  loses  q  of  them. 

If  p  and  q  are  equal,  each  being  400,  his  profit  will  be 
400  X  5  =  2000  shillings. 

From  this  it  appears,  that  he  will  win  even  though  a  smaller 
number  than  one-half  of  the  events  prove  favourable.  In  or- 
der to  determine  how  many  times  he  must  win,  that  he  may 
neither  lose  nor  gain  on  the  whole  number,  we  must  make  the 
value  of  W  equal  to  zero,  putting  p  +  q  zza;  this  gives  for 
the  required  value  of  p 


p=  +1  («+ j)±|V^+«; 

in   the  present  instance,    a  =  800,    u  =  100,   v  =  5,   which 
gives 

p=l  (800  4-10)  +  I  yiooTsOO  =  405  +  15 J 

the  lower  sign  being  employed,  we  have  p  z=  890. 

In  fact,  on  substituting  this  number  in  the  formula  (1)  we 
find  that  he  neither  wins  nor  loses  money,  although  the  num- 
ber of  unfavourable  events  has  been  greater  by  twenty  than  the 
number  of  favourable  ones.     The  other  root  of  the  equation 

points 
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points  out  another  limit,  beyond  which  if  the  number  of  fa- 
vourable events  increase,  he  will  lose  money. 

In  the  problem  just  examined,  each  stake  depends  on  that 
which  immediately  precedes  it  Others  may  be  proposed,  in 
which  it  is  made  to  depend  on  the  result  of  two  or  more  of 
the  events  which  immediately  precede,  such  is  the  following 
one : 

A  gamester  begins  by  staking  a  given  sum  u,  and  regulates 
his  succeeding  bets  in  this  manner ;  if  one  of  the  two  immedi- 
ately antecedent  to  that  which  he  is  at  any  time  making,  have 
been  gained,  and  the  other  lost,  the  new  stake  is  the  same  as 
that  last  made ;  but  if  both  those  bets  have  been  gained,  he  di- 
minishes his  stake  by  the  sum  v ;  and  if  both  have  been  lost, 
he  increases  it  by  the  same  sum  v.  The  first  stake  being  u, 
the  first  gain  may  be  represented  by  u  ( —  1)";  and  as  there 
has  only  been  one  bet  yet  made,  the  second  cannot  be  afiected 
by  the  law  prescribed  ;  it  will  therefore  be  the  same  as  the  first, 
and  the  profit  arising  from  it  will  be  u  ( —  I)*,  The  third  stake 
depending  on  the  two  former,  we  must  add  to  the  quantity  u 
some  fimction  of  a  and  b  multiplied  by  v^  which  shall  va- 
nish if  a  and  b  are  one  odd  and  the  other  even,  and  which 
shall  become  —  1  when  they  are  both  even,  and  + 1  when 

they  are  both  odd.     Such  is  the  function  —  ^^      t  ^^^  * 

the  profit  from  the  third  stake  may  therefore  be  represented 
by 

X  2  and 
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and  in  a  similar  manner,  we  may  find  that  which  arises  from 
the  fourth  is  expressed  by 

The  mode  of  continuation  is  sufficiently  obvious,  and  by  ar- 
ranging all  these  profits  together,  we  have 

»  {(-!)•} 

{„_„(<=a!+ir^  +  (-')'t'-"-)  }  (-1)- 

{„-,('-"-+(-'>'+<-')'t^-'>'+<-'''t<-'>0 }  (-I)- 

&c.    &c. 

The  part  which  depends  on  u  is  easily  determined  to  be 
{p  —  q)uj  where  p  and  q  are  the  number  of  successful  and  of 

unsuccessful  cases,  the  remaining  part  consists  of  —  |  multi- 
plied by  a  fimction  of  the  quantities  a,  6,  c,  &&  In  order  to 
abridge  as  much  as  possible,  I  shall  write  a  instead  of  ( —  l)"", 
b  instead  of  ( — 1)\  and  so  on;  so  that  ab  will  represent 
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t  — !)•  X  (  —  1)*,  or    (_1)«+*  ;    observing  this,  the   fac- 
tor multiplying  —  |  will  be  expressed  thus ; 

o  c  +  Ac 
ad  +  26d  +  cd 
ae  +  26e+2ce  +  rfe 
a/+  2bf  +  2cf-\-2df  +ef 
ag  +  2bg  +  2cg  +  2dg  +  2eg  +  fg, 
&c  &c. 

If  to  these  were  added  the  two  series  a6  +  6c  +  crf4-  &c. 
and  a(6  +  c  +  d  +  e+  &c)  the  sum  would  be  equal  to  twice 
the  sum  of  all  the  products,  taken  two  by  two  of  the  quantities 
a,  bj  c,  &c.  (and  since  these  quantities  represent  ( — 1)% 
( —  1)*,  &c.   we  have  found  in  the  last  problem  that  it  is 

equal  to  ^^P~g)*~^P  '^g^V     The  part  depending  on  v  is 
therefore 

-I  {{p-qY  -  {P+9)  -  (-1)-^'-  (-l)Hc_  (-i)e+--  &C 

-{-iY({-iY+{-iy+{-iY+&c) } 

The  second  of  these  series  is  evidently  equal  to 

the  other  series 

cannot  be  determined  merely  by  knowing  how  many  of  the 
numbers  a,  by  c,  &c  are  odd,  and  how  many  are  even. 

Still, 
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Still,  however,  the  knowledge  of  the  order  in  which  the 
events  take  place  is  not  absolutely  required.  It  will  be  sufficient 
to  know  how  many  changes  from  odd  to  even,  and  vice  versa^ 
occur  between  the  quantities  a,  6,  c,  rf,  e,  &c, ;  for  if  there  is 
no  change  in  going  from  a  to  6,  the  first  term  will  be  +  1 ;  but 
if  there  is  a  change  it  will  be  —  1 ;  and  generally  —  1  will  oc- 
cur as  often  as  there  is  a  change  from  odd  to  even,  or  firom 
even  to  odd  in  the  series 

a,  6,  c,  d^  e,  &c. 

If,  therefore,  A:  denote  the  number  of  transitions,  since 
the  number  of  terms  is  p-^q  —  1,  the  value  of  the  series 
will  be 

;>  +  5r-.2A:— 1} 
and  the  whole  value  of  the  part  dependent  on  v  will  be 

and  the  profit  on  the  whole  number  of  bets  is 

W  =  (i>-g)«-  I  {  {jp-qf  —  ^ {p+q)  -f  2A:  +  2- 
(-1)"  {p-q)  }  (2) 

\ip  —  qy  then 

W,r:  +  o(2|>-A:-l)  (3) 

k  in  the  first  of  these  expressions  may  vary  fromO  to  p+^-r-l, 
and  in  the  second  from  1  to  2p  —  1. 
In  order  to  compare  this  with  an  example,  let  the  following 

series 
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series  of  bets  be  made  plus  or  minus^  denoting  their  success  or 
failure: 


+ 

100 

+  100 

+ 

90 

— 

80 

+ 

80 

+ 

80 

+ 

70 

The    profit    is    440.      Here   ^  =  6,    5^  =  1,   Tc  —  %  i;=10, 
u  =  100  ;  and  these  values  being  substituted  in  (2)  give 

W  =  440. 

The  next  case  I  shall  examine  is  one  in  which  the  amount 
of  each  stake  depends  on  the  result  of  the  three  preceding 
events. 

Let  the  law  by  which  the  stakes  are  regulated  be  such,  that 
when  the  three  preceding  have  been  won,  a  certain  sum  v  is 
taken  from  the  last  stake ;  if  they  have  been  lost,  the  sum  v  is 
added  to  the  last ;  but  if  only  two  of  these  three  have  been 
gained,  or  only  two  lost,  in  the  first  case  one-third  of  v  is  sub- 
tracted, and  in  the  second  case  is  added  to  the  last  stake. 

The  first  stake  being  w,  the  three  first  bets  will  be  repre- 
sented by  u  (— 1)%  u  (—  1)S  u  (—  1)'.  In  order  to  fulfil  the 
conditions  of  the  question,  the  fourth  must  be  increased  by 

the  quantity  —  v  (— ^)^+(-^)^+(— ^)' .    and  the  profit  re- 
suiting  firom  it  is  represented  by 

that  of  the  fifth  is  equally  expressed  by 

The 
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The  succeeding  terms  need  not  be  written  down,  as  the  law  is 
obvious.  In  this,  as  in  the  former  questions,  the  co-efficient 
of  u  is  ^  —  q;  and  if  we  employ  the  same  abridgment  of  a 

for  ( —  1)%  &c.  as  in  the  last,  the  co-efficient  of  —  |  is 

ad  -f   bd  -{-  cd 

ae  +    be    -^  2ce  +  de 

af  +   26/+  3c/  +  2df  +  ef 

dg  +  26g  +  ^cg  +  Sdg  +  2eg  +fg 

&C.      &C. 

This  series,  which  only  diffisrs  from  three  times  the  sum  of 
all  the  products,  two  by  two  of  the  quantities  a,  6,  c,  &c.  by 
the  omission  of  certain  parts,  may  be  called  Q.  On  examining 
what  parts  are  omitted,  it  will  be  found  that 

Q+2a(S(o  +  6  +  -.)  — «  — *— 0  +  *^ 
+  b(^Sia  +  b  +  ..)—a  —  b  —  c) 

+  (ce  +  df+cg  +  ..)  +  2icd+d€  +  ef+..) 
+  3(a6+ac  +  6c)  =  3S(ab  +  ..) 

This  equation  becomes,  by  the  mutual  destruction  of  certain 
terms 
a+2aS(a  +  6  +  ..)+*3(a  +  6  +  ..)  +  (ac  +  6d+cc+..) 

Hence 
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Hence 

—  (ac  +  6rf  +  cd+..)  — SCftc  +  crf  +  .-O- 
The  latter  of  these  series  is 

I    (_l)a+*   +  (_l)Hc    +  (_l)c+-i  +_.|    _(_1«+*    = 

=  p  +  5r_2A:—l  — (—!)«+*, 

as  we  found  in  the  last  question,  k  being  the  number  of 
changes  from  even  to  odd,  or  vice  versa^  in  the  series  a,  6,  c, . . 
The  value  of  the  series 

is  not  determined  without  some  other  data.  If,  however,  we 
are  acquainted  with  the  number  of  alterations  from  odd  to 
even,  and  the  contrary,  in  the  series 

a  c    b  d    c  e    d  f    .     .     . 
we  can  assign  its  value ;  let  the  number  be  /,  then  the  series 
in  question  is  equal  to  p-j-q  —  HI  —  2:  These  substitutions 
and  the  necessary  reductions  being  made,  we  have 

Q=(p-^){3^-2(-l)--(-l/}  -(i>  +  9)| 

+  7  +  2/  +  4*  +  2(— 1«+» 
and  W  the  profit  on  p+q  events  is 

-i  {'7-(P  +  ?)  I +2/  +  4A:  +  2(- !)•+*}  (4) 

i£p  =  q 

W,  =  -|  {7-9jp  +  2H-4A:  +  2(-l)«+*}  (5) 

VOL.  IX.  p.  I.  Y  Jn 
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In  the  first  of  these  expressions,  k  may  vary  from  0  to 
jp  +  5^  —  l,^and  /  from  0  to  jp  +  gr  —  2 ;  in  the  second  k  may 
vary  from  1  to  2p —  1,  and  /  may  vary  from  0  to  2j9  —  2. 

The  last  question  which  I  shall  examine  is  one  in  which 
each  stake  depends  on  all  those  which  precede  it 

A  gamester  stakes  a  certain  sum  u  on  an  event  whose 
chance  of  happening  is  one-half.  He  regulates  each  succeeding 
stake  in  this  manner:  To  the  constant  sum  u  he  adds  the 
nth  part  of  all  his  previous  winnings ;  or  if  he  has  lost  by 
the  previous  stakes,  he  subtracts  the  nth  part  of  his  loss,  it 
is  proposed  to  find  his  profit  *  at  the  termination  of  j?  +  y 
bets. 

The  first  stake  being  m,  the  profit  is  u  ( —  1)* ;  the  nth  part 
of  this  added  to  w,  or  w+  -  ( —  1)"  will  constitute  the  second, 

and  the  profit  will  be  ti(— 1)*+  |  (— 1)«  (—1)*,  the  nth 

part  of  these  two,  or  ^  ((-  1)-  +  (-  1)')  +  %  (-  ly  (- 1)* 

added  to  the  quantity  v^  will  be  the  third  stake,  and  the  profit 
on  the  determination  of  the  third  event  will  be 

^  (- 1)^+ 1  ((-!)-+ (-1)')  (-1)^  +  5  (-1)"  (-1)'  (-1)^' 

the 


*  The  language  of  analyds  is  so  much  more  general  than  that  in  which  we 
usually  convey  our  thoughts,  that  it  is  almost  impossible  to  make  the  latter  keep 
pace  with  the  formen  This  is  more  particularly  mmufest  when  we  are  treating  of 
games  of  chance.  The  words  profit,  winning,  gain,  &c.  must,  if  we  wish  to  avoid 
perpetual  repetition,  frequendy  be  understood  to  comprehend  their  veiy  oppo- 
ates. 


Digitized  by 


Google 


in    ■  —mtm   wt----  I T^  rrrrT  irni|-Ea 


A 


CONNECTED  WITH  GAMES  OP  CHANCE.  171 

die  nth  part  of  the  sum  of  these  three  profits  added  to  u^  and 
multiplied  by  ( — l)**,  gives  for  the  profit  on  the  fourth  event 

+  S  ((-!)•  (-1)'  (-1)'  +  (-1)"  (-1)'  (-1)'+ (-1)*  (-!)•  (-1)") 
+  ^.  (-!)•  (-1)*  (-1)''  (-1)^. 

From  these  expressions,  continued  a  few  steps  fiirther  if  ne- 
cessary, it  appears  that  the  sum  of  all  the  profits  W  is  equal 
to 

u  multiplied  by  the  sum  of  all  the  quantities 

(-1)-,  (- !)»,(- 1)%.. 

-f  -  multiplied  by  the  sum  of  all  the  products,  two  by  two 
of  thoike  quantities. 

4-  ^  multiplied  by  the  sum  of  all  the  products,  three  by 

thlree  of  the  satne  quantities. 

4-  ^  inultiplied  foy  the  siltn  (^  ail  the  products,  four  by  four 

of  the  same  quantities. 
&C.    Sec 

Hence  -  W  =  the  sum  of  all  the  co-efficients,  except  the 
first  of  the  terms  of  an  equation,  whose  roots  are  ^^^^^ll^^  ferll*^ 

^^^^,  &C,  multiplied  bjf  u ;  but  by  the  conditions  of  the  pro- 
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blem,p.of  the  quantities  a,  5,  c,  are  even,  and  q  of  them  odd 
numbers,  or  p  of  the  roots  of  the  equation  are  of  the  form  ^^ 

n    ' 

and  q  of  the  form  — ,  and  the  equation  itself  is  the  developer 
mentof(a.+  ^y(a.-i>  =  0, 

the  sum  of  all  its  co-efl5cients  except  the  first  may  be  found 
by  making  a?  =  1,  and  subtracting  unity,  this  gives 

>=(i+i)'0-D'— «. 

or    W  =  «C-±-7(^)'«-».;  (6) 

if  p  =  ^r  this  becomes 

W=<^^^t*-n«  (7) 

if  w  =  1,  whatever  be  the  numbers  p  and  q^  the  loss  will  be 
equal  to  u  (unless  at  the  same  time  q  =  0),  for  in  that  case  as 
soon  as  the  first  unfavourable  event  happens,  the  player  loses 
not  only  all  he  had  previously  won,  but  also  the  sum  u  be- 
sides ;  and  since,  by  the  conditions  of  the  play,  he  must  sub- 
tract from  u  the  nth  part  of  all  his  former  loss,  which  since 
n=.\\s — w,  his  next  stake  must  be  t^  —  w,  or  zero;  so  that  in 
fact  if  w  =  1,  the  first  unfavourable  decision  terminates  the 

game. 

I  shall  now  proceed  to  show  Jiow  a  similar  mode  of  reason- 
ing may  be  applied  to  cases  where  the  number  of  events  which 
happen  at  each  step  are  more  than  two. 

Suppose  a  person  draw  a  number  of  balls  in  succession  firom 
an  urn,  containing  balls  numbered  1,  2,  3,  4, .  .  A:,  there  being 
many  of  each  kind :  he  begins  by  staking  the  sum  m,  and  if  he 

draw 
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draw  a  ball  marked  one,  he  receives  n^  times  his  stake,  if  the 
ball  be  marked  two,  he  receives  n^  times  his  stake,  and  so  on. 
The  next  stake  is  thus  regulated,  supposing  the  ball  last  drawn 
to  have  been  marked  e,  he  adds  to  the  last  stake  the  9um  v  rti : 
any  of  the  numbers  n^  n^,  •  .  may  be  negative,  if  he  has  drawn 
p  balls  marked  n^^  q  marked  n^,  r  marked  n„  and  so  on, 
what  is  the  amount  of  his  winning? 

Let  a,  j3,  y, . .  .  be  the  Ath  roots  of  unity,  the  expression 

Sa_  jg 

is  always  equal  to  zero,  except  when  a  is  a  multiple  of  A;^  also 
let 

Pa  =  n^  Sa  +  W«  Sa+1  +  U^  Sa+2  +  •  •  -|-  ^it  Sa+ifc-1  ; 

then  P^  will  in  every  case  reduce  itself  to  one  of  the  quantities 
n^,  n„  n,,  .  .  .  w^. 

With  the  aid  of  these  considerations,  we  can  express  the 
amount  of  the  stake  at  any  particular  step ;  his  first  is  u,  and 
whatever  be  the  kind  of  ball  drawn,  his  profit  is  always  ex- 
pressed by  u  Pa,  according  to  the  form  of  a.  In  cpnsequence 
of  this  first  determination,  he  adds  to  u  the  quantity  vPa, 
which  sum  t^  +  vPa  forms  his  second  stake;  the  number  of 
the  second  ball  determines  the  amount  of  his  second  profit, 
which  may  be  expressed  thus : 

without  at  all  determining  the  form  of  a,  the  third  stake  will 
be  t^  +  w  Pa  +  t?  P*  and  the  profit  arising  from  it  is 

that  in  the  fourth  event  is 

the 
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the  sum  of  all  the  profits  will  be 
uTa 

ttP^  +  r(POP* 
tePc  +t;(P«  +  POPc 
ttP^  + t?(Pa+  P*  -f  Pc)Ya 

U?e   +   V(?a  +    R   +    Pc   +    Pcj)Pc. 

It  is  easily  perceived  that  the  co-efficient  of  u  is  equal  to  that 
of  the  second  term,  and  the  co-efficient  of  v  is  e4ual  to  that  of 
thethird  term  of  the  equation 

(a?  +  Pa)(^  +  P*)(^  +  Pe)(a:  +  PO...  =  0; 
but  of  the  quailtities  *  Pa,  P5,  Pc, . .  |*  are  equal  to  n^,  q  are 
equal  to  n^,  r  are  equal  to  n^,  &a  this  equation  is  there*- 
fore 

and  the  co^^efficient  of  the  sebond  term,  in  its  d^velopemisnt, 
is 

pn,  +  qn^  +  rn^  -^  .  .  . 

whilst  that  of  the  third  term  is 

p.p  —  l      g    ,    c.?^l  ^   tt   I.  ^.♦•^1  ^  «  _i_ 

+  ^  ^1 »«  +    +  Y  *»  n,  4  "^K  ^5  +  •  •  • 

80 


♦  This  notation  has  been  employed  by  Mr  ttefschel,  in  a  pdper  in  the  Philo- 
sophical Transactions  for  the  year  t818  on  citculating  functions. 
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SO  that  the  whole  profit  is 
Wzzu{pn,+qn  +rn, +...)  + t^  {^^w/ +  ?i^w/  + 

+  ¥»x«. +  ^^xW5+-.}  (8) 

in  the  case  of  w^  =  1,  w^  =  —  1,  w,  =  0.     This  formula  re- 
duces itself  to  (1). 

Supposing  the  urn  in  the  last  question  filled  with  the  same 
balls,  and  a  person  drawing  out  one  receives  n, ,  w^,  w,,.  . 
times  the  sum  u^  according  to  the  number  of  the  ball  drawn  ; 
and  on  the  second  drawing  he  receives  ^i ,  w^ ,  n, , . .  times 
the  sum  of  m  +  the  profit  by  the  last  drawing :  and  generally 
on  extracting  any  ball  he  receives  w^,  n^,  n^,,. .  times  the  sum 
of  w  4.  the  amount  of  the  profit  on  all  the  preceding  events, 
if  the  number  of  times  each  of  the  balls  marked  1,  2,  3,  • .  are 
drawn,  be  respectively  denoted  by  p,  5^,  r, .  .  what  is  the  whole 
profit  ? 

Adopting  the  same  notation  as  in  the  last  problem. 
Pa  =  n^  Sa  +  n^  Sa+i  +  n,  Sa42  +  •  •  •  wiU  represent  either 
n^,  n^,  n,,  .  •  and  the  first  profit  is  wPa,  the  second  is 
(u  +  «  P4P6 ;  that  m  the  tWrd  is  (if  +  t^Pa  +  ttP^  +  ziPa  P*)Pc, 
and  the  sum  of  all  thapcofita  is 

U?<,   +ttPiFc+wP6   Pe+wPaR    Pc  ,  , 

&c.        &c#        &c. 

On 
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On  comparing  this  with  the  fourth  problem  which  was  solved, 
it  appears  that 

W ZLUX  the  sum  of  all  the  co-efficients  except  the  first 
of  the  equation  (a?  +  Pa)  (a?  +  P*)  (a?  +  Pe)  .  . .  =  0, 

or     W  =  w(l+Pa)  (1+P,)(l  +  Pc)...  — u; 

but  p  of  the  quantities  P«,  P*,  Pc, .  . .  are  equal  to  n^^  q  of 

them  to  n^,  r  of  them  to  n„  . .  .     This  equation,  therefore, 

becomes 

W=zu{l+n,)P  (l+n^)^  {\+nJ' ..  .  —u  (9) 

if  n^  =  - ,  n^  =  —  - ,  n,  =  0,  and  u  —  nu.     This  coincides 

With     (6). 

As  an  example,  suppose  an  urn  filled  with  baUs  of  three  co- 
lours, white,  black,  and  red,  and  that  the  person  who  draws 
them  out  may  name  any  sum  he  chose  prior  to  each  extrac- 
tion i  if  he  draw  a  white  ball,  the  sum  he  named  is  paid  to 
him  ;  if  a  black,  he  loses  one-half  of  it ;  and  if  a  red  one,  he 
loses  one-third  of  that  sum.  And  suppose  he  regulates  the  sum 
named  in  the  following  manner,  beginning  with  naming  u 
whenever  he  has  drawn  a  white  ball,  he  adds  the  whole  of  his 
previous  winnings  to  the  sum  u ;  but  if  he  has  drawn  a  black 
one,  he  adds  only  half  his  profits  to  the  sum  u ;  and  if  the  ball 
last  extracted  from  the  urn  was  red,  he  adds  one-third  of  all 
his  profits  to  the  same  sum  u.  He  has  drawn  out  p  white,  q 
black,  and  r  red  balls,  what  is  the  amount  of  his  profit  or 
loss  ? 

In 
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In  this  case  n^  =  1,  n,  =  —  g,n,  =  —  qj^a  =  n,  =  .  .  =  0 
and  we  have 


2^       3' 


W  =  u2\  -  .^  —u-~^  —  '' 


The  questions  examined  in  the  preceding  pages  afford  ah 
instance  of  the  immediate  application  of  some  very  abstract 
propositions  of  analysis  to  a  subject  of  constant  occurrence, 
which  being  as  far  as  1  have  been  able  to  discover,  hitherto 
untouched,  and  also  requiring  reasoning  of  rather  an  unusual 
nature,  I  have  preferred  treating  in  particular  instances,  in- 
stead of  investigating  it  in  its  most  general  form.  The  prin- 
ciples on  which  similar  problems  should  be  attempted,  are 
first  by  means  of  some  combinations  of  the  roots  of  unity  to 
represent  the  stake  after  the  decision  of  any  number  of  events, 
and  then  by  means  of  any  known  theorems  respecting  the 
roots  of  equations^  te  ascertain  the  sums  of  the  series  which 
present  themselves  in  the  result. 


voi^  IX.  ?•  I,  z  XI. 
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XL  On  the  Radiation  of  Caloric.    By  The  Reverend  Thomas 

Cromptok  Holland. 


(Read  Feb.  7-  1820J 


JL  HE  various  facts  concerning  the  radiation  of  caloric  pre- 
sent a  very  interesting  subject  of  inquiry,  and  various  theories 
have  been  formed,  with  a  view  to  their  explanation.  The 
principal  difficulty  has  been  to  explain  the  facts  of  the  appa- 
rent radiation  of  cold.  The  most  simple  theory  with  respect 
to  these,  is  that  proposed  by  M.  Prevost  of  Geneva.  He  sup- 
poses, that  all  bodies  are  always  radiating  caloric  in  proportion 
to  their  temperature,  and  that  those  surfaces,  which  radiate 
least,  make  up  for  the  deficiency,  by  reflecting  most ;  so  that 
the  combination  of  reflection  and  radiation  from  any  surface, 
when  in  (equilibrio  with  the  surrounding  bodies,  is  the  same. 
When  a  body  is  heated,  its  radiation  is  increased,  and  there- 
fore, when  placed  near  a  theiinometer,  it  radiates  more  to  the 
thermometer  than  it  receives  from  it,  and  therefore  elevates  its 
temperature.  When,  on  the  other  hand,  a  body  is  cooled,  it 
intercepts  from  the  thermometer  near  it  part  of  the  radiation 
of  the  surrounding  objects,  and  it  radiates  less  than  it  re- 
ceives. The  thermometer  must  therefore  sink.  The  princi- 
pal objections  that  have  been  urged  against  this  theory,  are  de- 

^  2  rived 
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rived  from  the  apparent  reflection  of  cold  by  concave  mirrors ; 
and  from  the  circumstance,  that  a  blackened  surface,  which, 
when  heated,  produces  more  heat  than  a  polished  one,  when 
cooled,  produces  more  cold,  though  in  the  latter  case  it  must 
be  supposed  to  radiate  most  caloric.  In  Thomson's  Jn- 
nalsy  vols.  v. — viii.  are  given  various  papers  by  M.  Pbevost  and 
Mr  Davenport,  which  appear  to  me  to  afford  a  complete  ex- 
planation of  these  facts;  but,  from  the  conciseness  of  their 
statements,  and  from  their  not  being  illustrated  by  calculations 
or  diagrams,  they  are  not  easily  comprehended,  and  appear 
not  to  have  been  generally  understood.  Mr  Davenport's 
statement  is,  **  Fill  a  canister,  of  which  one  side  is  polished, 
and  the  other  black,  with  a  freezing  mi}(ture.  Has  not  the 
black  surface  lost  a  part  of  its  intensity  of  radiation  ?  This 
cannot  be  denied*  Has  the  polished  surface  lost  its  power  of 
reflection  ?  The  answer  must  be  in  the  negative.  It  follows 
then,  that  unequal  diminutions  have  been  imposed  on  those 
powers  of  returning  heat  to  the  thermometer,  which  before 
were  equal.  The  radiating  surface  has  lost  more  than  the 
reflecting  one,  and  its  thermometer  receives  less  return,  than 
that  on  the  reflecting  side."  This  appears  to  me  a  satisfactory 
explanation ;  but  from  the  difficulty  of  comprehending  the  rea^ 
soning,  without  reducing  it  to  calculation,  it  seems  not  to  have 
been  generally  understood.  Dr  Murray,  afler  admitting  both 
the  premises^  objects  to  the  concluion.  He  says,  "  The  clear 
surface  has  also  had  its  intensity  of  radiaticm  proportionally  re- 
duced. And  at  any  temperature,  the  blackened  surface  ra- 
diates more  caloric  than  the  dear  surface  does  at  the  same 
temperature.  The  former,  therefore,  returns  more  caloric  to 
thethermometer  than  the  latter,  or  at  least,  allowing  all  the 
effect  that  can  be  ascribed  to  difference  of  reflection,  no  cause 
is  assigned  why  it  produces  a  greater  degree  of  cold.** 

From 
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From  considering  the  subject,  before  I  had  seen  Mr  Daven- 
port's papers,  the  following  explanation  occurred  to  me.  It  is 
in  principle  the  same  with  his,  and  only  differs  from  his,  in  be- 
ing,  1  think,  more  easily  understood,  and  in  showing  from  the 
calculation,  how  Dr  Murray's  objection  maybe  completely  obvi- 
ated. Plate  XL  Fig.  4,  let  P  be  a  polished  body,  and  B  a  black 
one.  Let  their  combined  powers  of  radiation  and  reflection, 
when  in  cequilibrio  with  the  thermometer,  be  represented  by  1 . 
In  P,  let  the  reflection  be  f ,  the  radiation  \.  In  B,  let  the  re- 
flection be  i,  the  radiation  f .  Now,  it  is  only  the  radiation 
which  can  be  affected  by  changing  their  temperature.  Let 
their  temperature   be  raised,   till   their  radiating  power  is 


doubled.     Then,        Q         jl 


P  T  B 


fP        -      il         -      fl      -lil         ...        -  ii 

<  reflects,     Eradiates,    [^sum,     ^  excess  above  the  equilibrium,    \ 
IB        -      \]         .      |J      .  1|J         .        .        .        .  fj 

Now,  as  it  is  only  the  excess  above  the  equilibrium  that  can 
affect  the  thermometer  ;  B,  which  radiates  3  times  as  much  as 
P,  will  affect  the  thermometer  3  times  as  much.  Now,  let  each 
body  be  cooled,  till  it  radiates  only  \  as  much  as  when  in  cequi^ 
librio.     Then, 

rp.     -     .|i     .     .     ^1     .    |i .    .     || 

<  reflects,    eradiates,    j^sum,    ^  defect  from  the  equilibrium,        v 
lB---iJ     --fJ     -fi     .---.----     ^J 

But  it  is  the  defect  from  the  equilibrium  only  that  can  affect 
the  thermometer ;  and  therefore  B,  which,  when  heated,  pro- 
duces 3  times  as  much  heat  as  P,  when  cooled,  produces  3 
times  as  much  cold ;  though  in  all  cases  it  radiates  3  times  as 

much 
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much  caloric.  This  reasoning  will  be  much  confirmed,  by 
considering  the  circumstances  which  will  occur,  when  the  sur- 
face of  the  thermometer  is  supposed  to  be  changed.  Fig.  5, 
let  P  be  a  thermometer  with  a  surface  of  polished  metal,  and 
B  a  blackened  thermometer,  and  their  radiating  and  reflecting 
powers  as  above.     Let  A  be  any  body.    Then  while  they  are 

fP   -    -    I)     -    -     il 
all  in  (BquUibriOy  A  acts  as  1,  of  which  i    reflects,    >  radiates,    I . 

LB  .    .    iJ     .    .     iJ 

Now,  if  the  temperature  of  A  be  changed,  it  is  the  reflection 
from  the  thermometers  that  will  be  proportionably  altered; 
their  radiation  will  remain  the  same  till  their  own  temperatures 
are  changed.     Let  A  be  heated  till  its  action  is  as  2.     Then, 

fP  .    -    il     .    -    i]  .    .    Ifj il 

i    reflects,    >  radiates,  >  sum,        v  defect  from  2,     > . 
Ib  -    .    iJ     -    .    |)  .    .   uJ     -    -    -    -     |J 

But  it  is  this  last  quantity,  namely,  the  difierence  between  the 
action  of  the  thermometer  and  that  of  the  heated  body,  which 
operates  to  raise  the  temperature  of  the  thermometer ;  and 
therefore,  that  with  the  blackened  surface  will  shew  3  times 
the  sensibility  to  heat  that  the  polished  one  does. 
Next  let  A  be  cooled  till  its  action  is  as  ^.     Then, 

(P   -    -     11     -.  -    i]   -    -II i) 

<     reflects,    >  radiates,   >  sum,     >  excess  above  i,     r 
(b   .    .    i)     .    .    l)  -    .  iJ |j 

But  it  is  this  last  quantity^  the  difierence  between  the  action 
of  the  thermometer  and  that  of  the  cold  body,  which  afiects 
the  temperattire  of  the  thermometer,  and  therefore  the  blacks 
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ened  surface  will  be  3  times  as  sensible  to  cold  as  the  polished 
one. 

Thus  this  theory  explains  why  those  surfaces  which  ra- 
diate the  most  caloric,  produce  the  greatest  cold  when  cooled, 
and  are  most  sensible  to  the  impressions  either  of  heat  or  cold 
from  surrounding  bodies.    It  is  equally  applicable  to  the  appa- 
rent reflection  of  cold.     In  Fig.  1,  2,  3,  let  DEFG  be  the  sec- 
tion of  a  room.     In  Fig.  1.  let  the  thermometer  T  be  near  a 
plane  mirror  AB.     This  prevents  the  radiations  from  the  wall 
DE  from  reaching  T.     But  this  is  compensated  by  its  reflec- 
ting on  T  a  part  of  the  rays  which  proceed  from  the  space 
HGFI.     Of  these  the  cold  body  C  intercepts  the  portion  KL, 
and  therefore  the  plane  mirror  will  increase  the  cold,  but  in  a 
very  minute  degree,  in  the  proportion   of  KL  to  HGFI. 
Fig.  2.,  AB  is  a  concave  mirror.   This  also  intercepts  the  same 
radiation  D£,  and,  if  the  thermometer  be  in  the  focus  of  pa- 
rallel rays,  the  mirror  reflects  on  it  rays  proceeding  from  HI, 
and  these  are  rendered  equivalent  to  those  from  HGFI  in  the 
former  case,  because  the  plane  reflects  only  some  of  the  rays 
on  T,  while  the  concave  mirror  concentrates  at  its  focus  all 
the  rays  from  HI.     But  when  the  cold  body  is  introduced,  it 
intercepts  the  same  space  KL  as  before.     The  degree  of  cold, 
therefore,  from  one  concave  mirror,  should  be  as  KL  to  HI, 
that  is,  evidently  much  greater  than  in  the  last  case.     This  is 
supposing  the  thermometer  to  be  placed  exactly  in  the  focus 
of  parallel  rays.     But  if  it  be  placed  so  that  all  rays  proceed- 
ing from  C  would  be  converged  upon  it,  then  only  such  rays 
as  MCB,  which  pass  through  C,  will  be  reflected  on  T.   When 
the  cold  body  is  introduced  at  C,  it  will  therefore  intercept  all 
these  rays,  and  a  much  greater  cold  will  be  produced. 

Fig.  3.  represents  the  action  of  2  concave  mirrors.     Here 
AB  intercepts  the  radiation  from  D£,  and  KL  that  from  HI, 

and 
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and  It  also  prevents  any  of  the  rays  from  HI  reaching  the 
mirror  AB.  This  is  compensated  for,  because  all  such  rays, 
as  MCL  or  NCK,  from  MDEN  which  pass  through  C, 
and  fall  on  KL,  are  by  it  reflected  in  parallel  lines  to  AB,  and 
by  the  second  mirror  are  concentrated  at  T.  But  when  the 
cold  body  is  introduced  at  C,  it  intercepts  the  whole  of  these 
rays,  and  therefore  great  cold  is  produced.  This  explanation 
of  the  apparent  reflection  of  cold  is  precisely  the  same  with 
that  given  by  Mr  Davenport  ;  but,  from  his  having  attempted 
to  express  it  without  using  diagrams,  his  statement  is  not  easi- 
ly understood. 

In  this  paper,  therefore,  the  part  which  is  absolutely  new, 
is  that  which  relates  to  the  sensibility  of  difierent  surfaces  to 
the  impressions  either  of  heat  or  cold.  I  hope,  however,  that 
I  have  succeeded  in  making  the  other  parts  more  easily  un* 
derstood  than  former  writers  have  done.  This  explanation  of 
these  facts  on  the  theory  of  all  bodies  always  radiating  calo- 
ric in  proportion  to  their  temperatures,  appears  to  me  to  fur- 
nish a  decisive  confirmation  of  that  theory,  as  it  shows,  that 
the  circumstances  which  have  been  supposed  to  be  the  strong- 
est objections  against  it,  are  in  fact  necessary  consequences 
from  it 
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(P      -     i)       .     i)     (P      -     I)       -     I)    -   U)       -      -      -      -         ,) 
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XII.  Notice  rapeeting  a  Remm^kaile  Shower  rf  0aH  mhkh 
fell  in  Orkney  on  the  24th  of  July  1818.    By  Patbick 
'  Neill,  F.  R,  S.  R,  F.  L.  &  &  Sec.  Webn.  iSoc, 


(Read  March  1.  1819.J 


X  HE  notice  which,  at  the  suggestion  of  Dr  Beewstbb,  is 
now  to  be  laid  before  .the  Society)  respecting  a  Kpiulckihle 
shower  of  hail  which  lately  fell  in  Orime^,  has  been  drawn  up 
partly  ironi  oofivetrsationa  with  Rrcit aeh  CUitHanegs,  a  phdala^ 
intdyilgent  coiintry  inan,  who  possesses,  a  small  &nft  H  liupday 
in  the  islaiid  cf  Stronsa,  and  whose  pr^ierty  suffered. aevere^ 
ly  fh>m  the  shosvirEr)^  aind  pastly:  froni  rofatpqiient  ■X)orrespoii* 
dence  with  the  Revwend  William  Tatlok  of  Strimsa,  whose 
l]^oiise  lay  in  Ihe.  track  of  the  xdond,  and  with  Id^  Rwbebt 
Lindsay,  Stiidentf  of  Diviniib|Py  wlia  \sA  an  c^porto&ity  of  wit^ 
tiesstng  the  afibota  of  the  hail  at  iLopAiess,  on  the  n^hbboring 
istondt>f  S^itdiHi'dben  tjbesfakm  They 

agree  in  all  impOTtanfe  particnlars j'  ^bot  eisen '  at  tiM  risk  df 
90iner^fiticai^  their  own  worda  i^dl^  as^oiften'  aa  possible, 
b$;.«D()ploy^"r:    -.  v;  •  -  ;:'        ..      .  ,\   o     i:    '    '   '. 

The  molding  g£  t,};^  24tli  of  Ji^ly  18;i8,  yraHi »  Otjm^^  <^&» 
and  warip,  witl^  a,  sH^:  ai?  of  vfm^  ftt  due  som^.  About;  midt 
day  the  atmosphere  became  overclouded,  and  somewhat  agita- 
ted i  the  wind  about  this  time  veering  a  point  or  two  to  the 
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west  of  south,  and  occasionally  rising  into  a  breeze*  Between 
twelve  and  one  o'clock,  thunder  and  lightning  began;  and 
after  these  had  continued  widi  Iktle  intermission  for  about  an 
hour  and  a  half,  a  very  dense  jet-black  doud  forcibly  attracted 
attention  by  its  foreboding  appearance.  Mr  Taylor  was  in 
die  upper  part  oi  his  house  when  he  firrt  observed  this  black 
doud,  apparently  rising  from  the  sea,  at  the  distance,  he 
thinks,  of  about  five  or  six  miles.  It  then  seemed  of  no  great 
dimensions ;  but  its  magnitude  was  graduaOy  developed,  as  it 
approached  steadily,  and  apparently  with  increasing  velocity, 
from  the  southward,  in  a  direct  line  toward  the  centre  of 
the  island.  It  now  assumed  a  dismally  ominous  aspect, 
and  occasioned  a  considerable  degree  of  darkness.  The 
lightning  became  proportionally  more  vivid,  and  the  peals  of 
thunder  were  tremendous.  Mr  Taylor  remarked  one  flash  of 
lightning  to  be  not  only  U*i^iter  than  the  rest,  but  to  exert  a 
more  ext^isive  influaice.  on 'the  cloud,  which  seemed  as  if 
defl  asund^,  and  presented  a  momentary  opening  of  the 
prospect  between  the  Mainland  of  Orkney  and  the  island  of 
Stronsa.  The  thund»4K>ltan^this  ocqasion  seemed  to  strike 
the  surface  of  Stronsa  Frith  in  themauii^of  a  solid  body 
dashing  into  the  sea. 

Richard.  Cajthkess  was  eng^ed  in  the  making  of  kelp 
on  the  shore,  when,  he  perceived  the  cloud  advancing  fast 
towards,  his.  own  fiirm^^steading.  He  immediately  hurried 
home.  At  this  time  the  wind  began  to  rise;  the  sur- 
face of  tl^  ftea  was  greatly  ruffled ;  and  darkness  like  that  of 
night  threatened  to  come  on.  Just  as  he  reached  his  house, 
the  cloud  overtook  him.  The  lightning  was  now  instantane- 
ously followed  by  noises,  like  the  firing  oflTof  **  guns  in  Stron- 
"  sa  Caves.'*  Hailstones  of  very  uncommon  magnitude  began 
to  fall.    The  first  large  hailstone  which  Mr  Caithness  saw, 

came 
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came  through  the  glass  of  one  of  his  windows,  and  struck  the 
floor  violently :  it  was,  to  use  his  own  phrase,  ^  really  like  a 
^^  goose-egg/*  In  two  or  three  minutes  more,  the  wind  in- 
creased almost  to  a  hurricane;  and  instead  of  hailstones  of  the 
usual  shape,  "  pieces  of  ice,**  of  almost  all  forms,  were  preci- 
pitated with  the  utmost  violence.  Not  only  was  every  pane 
of  glass  in  the  windows  of  the  house,  fronting  the  south,  speedi* 
ly  broken,  but  the  cabbage-plants  in  the  garden  immediate- 
ly adjoining,  and  which  could  be  seen  from  the  windows, 
seemed  as  if  suddenly  cut  over,  and  strewed  about  the 
ground*.  The  "  clattering  noise"  of  the  hail  which  fell  in  the 
sea  at  this  time,  is  described  by  Mr  Caithness  as  quite  terri- 
fic ;  and,  having  been  induced  by  this  strange  noise  to  look 
particularly  in  the  direction  of  the  sea,  he  adds,  that  not  only 
did  the  hail  keep  the  water  as  it  were  boiling,  and  covered 
with  white  foam,  but  he  repeatedly  saw  the  lightning  striking 
from  the  cloud  into  the  sea,  and  the  water,  where  it  was 
struck,  ^^  dashing  up  as  high  as  masts  of  ships."  The  light- 
ning was  not  forked  or  zig-zag,  but  rather  in  the  form  of  balls 
or  masses  of  fire.  The  whitmiess  of  the  foam  of  the  sea  was 
rendered  more  evident,  and  the  bri^ness  of  the  fire  more  in- 
tense, by  the  contrast  of  the  surrounding  darkness. 

The  farmer  and  his  family  had  not  recovered  from  the  con- 
sternation excited  by  such  an  extraordinary  event,  when  the 
wind  and  hail  ceased,  and  the  sky  b^;an  to  clear.  Wh^i  they 
ventured  to  look  abroad,  the  fields  presented  a  scene  of  per- 
fect desolation.  In  the  ^^  close''  or  fiirm-court,  surrounded  by 
ofiices,  the  hailstones  had  accumulated,  and  lay  a  £oct  and  a  half 
deep !  In  the  open  fields,  although  they  did  not  perhaps  exceed 

the 


♦  These  cabbages,  it  may  be  remarked,  were  of  the  large  red  Aberdeen  sort, 
well  known  to  be  the  strongest  and  coarsest  of  the  tribe. 
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the  half  of  thig  4epth,  yet  ii6t. only  weoe  the  crops  c^j^ciliy  Imul 
utterly  beaten  doifvn,  but  not  a  tettige  of  them  waa  for.MxsoB  tinaie 
to  be  seen.  The  astounded  fiurmier  saw  oaly  ^^  fiddfjQ^ trough 
^  ice.''  All  this  dratrucdve  cl^ange  had  been  aoHim^lMhfid 
in  less  than  ten  minutes. 

Alarmed  by  the  ^^  horrid  cries^*'  very  di^reat  firom  the  uaual 
bellowing,  of  some  black  cattle,  which  had  been  gjtwmg  on 
pasture-land  at  some  distance,  Caxthkbss  attempt^  to  vack 
out  among  the  hailstones  in  the  direction  of  the  cattle.  The 
^  loose  ice,^  he  says,  slipped  below  his  feet,  and  apmetvQefli 
reached  to  his  knees*  In  this  way  hia  l^,  were  so  xt^i^qh  c«t 
by  its  sharp  edges,  that  he  wiEis  soon  obliged  to  d09$s^  «nd 
to  wait  till  the  ground,  began  to  appear,  by  the  malting 
of  the  hail.  The  pieces  of  ice  he  describe9  as  of  various 
shapes :  most  of  ihem  were  round  like  eggs ;  qiany  wejre  ^atr 
tened,  and  not  unlike  ^  thick  dumsy  pyster-shells  ;*'  spii\e 
were  nearly  smooth  on  the  surface,  others  very  ragged' and 
jaggy.  Some  of  these  appearances  probably  aros^  from  t\xe 
hailstones  being  partly  dissolved.  Mr  Taylor  ]i]kew|se  rer 
marks,  that  some  ^  were  as  finely  p<dished  aa  marUe^bowls, 
^  while  others  were  irregular,  aiid  appajreotly  im^uj^  pi  pier 
^'  ces  of  conglomerated  ice.''  Mr  Tavlor  re^ret9.Jthat  he  did 
not  immediately  wei^  some  of.  the  largest  balls^  before  they 
began  to  melt ;  for  he  was;  unluckily  not  provi^ied  witl^  a  gnu 
duated  jar,  with  whith  to  ascertain  the  liquid  ooAte&t^t  fi[e 
adds,  however,  that  he  ^  had  presence  of  mwA  to  MffiffJ^^ 
^^  some  of  the  kigest  lumps,**  and  that  several  of  them  were 
about  six  indies  in  circumfisarence;  Mr  Caixhnxss  thinks^  that 
the  largest  pieces'  of  ice  which  he  lifted,  might  wei^^  Gsm 
four  ounces  to  nearly  half  a  pound  :  but  he  adds,  what  was  ex- 
tremely natural,  that,  at  the  moment,  he  thought  only  of  the 
damage  his  farm  had  suffered,  and  it  never  entered  into  his 
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miod  to  weigh  the  iostrum^ta  of  destruction^  He  describes 
the  hailstones  as  being  generally  of.a  greyish-white  colour,  not 
i^itike  fia^ents  of  ligbtrcolouted  marble^ 

The  tiorrified  black  calAle  iuid  Jhorse^i  which  had  brol^ep 
their  tethers^  and  been  bbseirved,  at  the  beginning  of  the  fall 
of  hafl^.nmning.  violeptly  feaokwacd  and  forward,  galloping  and 
flii^^gi  had  now  collected  together  in  a  beiidL .  .  Caithness  4t 
length  made  his  way  to  diem thiongh  the  hal&nhelted  ice.:  they 
still  trembled  exceedingly;  soinex^fthe  horses  had  lain  £at  down 
on  iJie  grass,  ^h  their  heada  atretehed  oiit  ^  and  all  of  this  ani^ 
nmls  were  more  or  less  cut,  aM  hleedtng.  Some  of  the  weaker 
horses,  the  farfaier  says,  will  never  recbver :  the  ihilch  cows, 
he  adds^  wete  ^struck  yeM^^  or  gaVe  no  more  ibilk,  tod  in- 
de^  woinld  hot  suffer  the.  people  tk>  atteimpt  to  niilk  them  any 
more..  . 

On  the  links  or  downs,  at  some  distance  from  Caithness's 

hoiise,  a  .large  .flodi  of.  tam^:  geese  had  been  feeding:  these, 

he  teniarked^  seemed  to  raniip  piotiodaless   on  the  turf; 

amd  on  0i3oceeding  t6:the  plade^  he  .fimnd  no  fewer  Ihan  sixty 

MsoUy  d^kired  of  )i£ay  a.  §m.  were^attU  liriiagi  but  so  mudi 

ii^ured^  tiiat  all  o£  them  .pined  away  and  died  in  a  short  time. 

BoB^  bf  these  poor: bitda  had Ihcir bills: splits  others  had  lui 

eye^  Bthick  from  its  soekei:^  sad  hatigaig  by  <he  nerve ;  and  the 

brains  of  some  were  fairly  kwk!ked  out :  many  had  either  a  1^ 

bt  a  wi^tbrbket^  ^ 

*  l^ie  WMtfiet'  behig  warm,  the  ice  soon  distqppestred.;  and 

CisnbAJsd's  fidds,  which;  l&m.  than  an  hour  befi>re,  had  been 

iS(f9^ff^d  ^th  tom-i^pS  *  jU&t  beginning  to  cOtne  inJ;o  ear,  apd 

^pefibr  in  luixuriahce  to  What  had  been  seen  id  Orkney  ift>r 

-  many 

w.  •:  .  ,.lj  :  *        -   /  \  :  .    '  ■      -  ,      .  .      , 

^  Grey  oats,  Avena  strigosa,  L. ;  and  Ingg,  a  small  vanety  of  Hordeum  te- 
trastickon;  Whkfa  aie  the  cmly  kinds  ci  white  crop  culdvated  with  success  in  these 


Digitized  by 


Google 


192  ON  A  R£MAEKAB££  SBOWER  OF  HAIL 

many  y^rs,  seemed  (to  use  the  farmer^s  expression)  to  have 
been  "  absolutely  plowed  black.*' 

It  may  be  remarked,  that  the  sudden  production  of  cold, 
and  consequent  congelation,  had  taken  place  at  a  considerable 
elevation  in  the  atmosphere,  for,  as  Mr  Caithness  observed, 
the  hailstones  must  have  fallen  with  great  force,  since  many 
of  those  which  fell  first  were  sunk  in  the  com-fields  from  three 
to  four  inches  deep ;  and  even  in  the  firm  old  pastures,  each 
of  the  first-fallen  hailstones  had  made  a  hole  in  the  sward 
exactly  of  its  own  size  and  shi^,  to  the  depth  generally  of 
about  two  inches.  In  some  of  these  holes  the  balls  of  ice  lay 
unmelted,  long  after  the  others  had  disappeared.  Mr  Taylor 
says,  that  the  surface  of  the  ground  all  around  his  house 
was  every  where  perforated  as  with  the  **  broad  point  of  a 
"  country  man's  staff;"  and  it  retained  this  appearance  for  se- 
veral days. 

It  may  further  be  remarked,  that  the  hailstones  had  fallen 
not  only  from  a  great  height,  but,  owing  to  the  strength  of  the 
wind,  at  a  very  considerable  an^e.  Mr  Taylor  was  obliged  to 
flee  from  one  room  to  another  in  his  house,  in  order  to  avoid 
the  fragments  of  glass,  whidi  were  driven  to  the  fiurther  side 
of  the  apartment  In  Mr  Taylor's  bed-room,  the  wash4iand 
bason,  although  standing  at  some  distance  firom  the  window, 
was  shivered  in  pieces  by  a  haHstone. 

As  the  ice  melted  away,  great  numbers  of  small  birds,  parti* 
cularly  skylaxks^  stares  or  starlings,  com-bimting^,  sndch€(ck$ 
or  wheat-ears,  were  found  dead,  and  were  collected  *^  ia  heaps" 
by  the  boys  belonging  to  Caithness's  farm.  On  the  ^ore, 
near  to  a  point  called  Tomeas,  were  observed'  nambfers  of 
rock-pigeons,  hooded  crows,  ti/$Hes  or  guillemots,  and  itock-- 
ducks  or  mallards,  which  had  been  killed  at  sea  by  the  hail^ 
and  were  lefl  by  the  receding  tide.    Many  wounded  gulls  and 
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pictameys  or  sea-swallows,  were  seen  floating  <hi  the  sea,  oc- 
casionallj  attempting  to  fly,  but  unable  to  raise  themselves. 

Owing  to  the  fortunate  circumstance  of  the  thunder  and 
lightning  having  for  some  time  preceded  the  great  fall  of  hail, 
the  people  at  work  in  the  fields,  and  on  the  ^  kdip-shore,''  in 
the  track  of  the  cloud,  had  all  taken  shelter.  One  boy  alone, 
named  Petsr  Stevenson,  suffered  from  exposure;  he  was  at  a 
distance  from  any  house  when  the  hail  began ;  he  threw  down 
a  bundle  which  he  viras  carrying,  and  ran  towards  a  projecting 
crag  at  the  sea-beach  for  protection ;  but  be^e  he  could  reach 
it,  he  received  a  severe  blow  on  the  back  of  the  neck,  which 
stupified  him,  and  produced  a  contusion,  flrotn  the  effects  of 
which  he  had  not  recovered  after  the  lapse  of  six  months* 
Four  men  in  a  boat,  at  some  distaroe  from  land,  were  exposed 
to  a  part  of  the  shower,  and  had  t|ieir  hands  mudi  cut  and 
bruised  by  the  hailstones.  Had^^ey  been  subjected  to  its  full 
violence,  they  would  probably  have  perished* 

It  does  not  appear  that  the  electric  fluid  bad  any  share  in 
killing  the  geese  or  other  birds,  at  least  nf}  marks  of  discolora- 
tion or  singeing  were  observable  on  the  feathers,  and  the  pal- 
paUe  blows  whidithe  animals  had  received,  wet«  fully  suffi- 
cient to  account  for  their  death.  The  cows  being  ^^  struck 
^'  yeld^^  aa  Caithness  expresses  it,  seems  a  curious  circum- 
stance ;  it  is  ascribed  by  him  to  the  dreadful  fright  they  got 
The  wounds  received  by  thd  cattle  and  horses  were  all  evident- 
ly inflicted  by  the  hailstones*  It  is  proper  to  add,  however, 
that,  in  some  places,  Caivrkess  observed  the  sui'face  of  the 
pasture^grass  to  be  much  discoloured  and  scorched-like; 
and  a  good*  deal  of  tiie^  broken  s^aW  of  the  grain-crops 
likewise  ^^coloarejd' white  by  the  fbe,' as  if  it  had  been  sudden-* 
"  ly  ripewed/'  Mt  Taylor'  informs  lAe,  that  when  he  first 
went  abroad,  immQdiately  aflier'  the  cloud  had  passed  over,  he 
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was  not  only  sensible  of  a  sulphureous  smell,  but  that  it  was 
so  strong  that  he  had  speedily  to  return  for  a  draught  of  water, 
in  order  to  remove  the  disagreeable  sensation  in  the  throat 
He  observed  that  the  cattle  afterwards  avoided  certain  scorch- 
ed parts  of  the  pasture,  which  did  not  recover  their  verdure 
till  repeated  showers  had  refreshed  them. 

Richard  Caithness  was  not  the  only  farmer  whose  crop  and 
farm*stocking  were  injured.  George  Foulis,  tenant  of  the 
farm  of  Holland,  a  possession  of  much  greater  extent  and  va- 
lue, was  equally  involved  in  the  devastation.  This  farm,  ly- 
ing to  the  southward  of  Hunday,  was  of  course  to  the  wind- 
ward ;  and  Mr  Caithness  told  me,  that  the  ^'  dismal  yells"  of 
FouLis's  wounded  cattle,  on.  the  high  grounds  between  the  two 
farms,  and  which  reached  him,  notwithstanding  the  noise  of 
the  hail,  produced  a  feeling  of  horror  whidi  he  could  not  de- 
scribe,— ^but  that  the  cries  seemed  still  to  sound  in  his  ears. 
These  two,  however,  were  the  only  farmers  who  suffered  se- 
vere damage ;  although  many  families  of  cotteri,  or  humble  de- 
pendants, had  their  patches  of  com  and  potato  crops  com- 
pletely destroyed. 

The  meeting-house  and  manse  of  the  Reverend  Mr  Taylor 
were  in  the  line  of  the  cloud.  In  both,  the  south  windows 
were  wholly  shattered,  not  only  the  glass,  but  the  wooden  as- 
tragals being  broken.  Mr  Taylor  observed  by  his  watch  the 
duration  of  the  violent  wind  and  heavy  hail,  and  states  it  to 
have  been  little  more  than  eight  minutes. 

Both  Mr  Taylor  and  Mr  Caithness  concur  in  describing 
the  thick  layer  of  ice  or  hail  as  forming  a  tolerably  well-defin- 
ed belt  across  the  island,  in  a  direction  firom  S.  S  W.  to  N. 
N  E.,  passing  through  the  caitre  of  the  old  parish  of  St  Nico- 
las. This  belt,  they  think,  might  be  about  a  Scots  mile  broad, 
•--•perhaps  nearly  a.  mile  and  a  half  English ;  and  beyond  this 
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line,  on  eadi  side,  die  ground  appeared  '^  spotted  with  ice^'* 
to  the  extent  of  about  half  a  mile  more.  In  eonfirm^ton  of 
the  accuracy  of  their  observations  regarding  the  extremely  lo-> 
cal.nature  of  the  shower,  it  may  be  mentioned,  that  persons 
who  had  been  employed  the  whole  day  in  digging  turf  in  a 
peat-moss  near  Rothieshohn  Head,  which  supplies  the  island 
with  fuel,-*-at  the  distance  of  little  more  than  two  miles  in  a 
direct  line  westward  from  Caithness's  house,  though  consider- 
rably  to  the  southward,— were  wholly  exempted  from  itsin-^ 
fluence,  and  wondered  Very  much  when,  in  passing  homewards 
in  the  evening,  they  witnessed  the  devastation  which  had  been 
produced  within  the  track  of  the  hail.  They  had  indeed  ob*< 
served  a  very  thick  black  cloud  shooting  past  the  high  rocks  of 
Rothiesholm  Head  in  the  afternoon;  they  had  seen  bright 
lightning,  and  heard  loud  thunder ;  but  they  had  not  been  tquch- 
ed  by  the  hail.  The  same  thing  happened  to  the  eastward ;  the 
farm  of  Cleat,  situated  only  about  a  mile  and  a  half  distant  in 
that  direction,  having  scarcely  been  affected  by  th^  shower. 
But  even  to  the  southward,  (the  direction  from  which  the  cloud 
came,)  the  range  of  the  storm  was  very  limited.  The  penin- 
sula of  Deeraess,  belonging  to  the  Mainland  of  Orkney,  was 
directly  in  the  line,  about  seven  or  eight  miles  to  the  S.  S  W. ; 
yet  it  remained  untouched.  Mr  Caithness  indeed  mentions, 
that  he  had  spoken  to  some  ^  Deerness  men,''  who  were  that 
day  fishing  off  the  Moul  Head,  the  most  northerly  point  of 
Deerness,  and  who  told  him,  that  they  observed  the  cloud 
thickening  and  blackening  as  it  rolled  on  towards  Stronsa. 

It  would  appear,  therefore,  that  the  accumulation  of  electric 
matter  came  to  a  crisis  over  the  sea,  at  the  distance  of  about 
three  or  four  miles  only,  to  the  S.  W.  of  Stronsa.  The  cloud 
swept  up  Rothiesholm  Bay,  and  crossed  the  island  in  the  way 
already  described.     When  nearly  in  an  exhausted  state,  it 
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toadied  the  north-eatt  corner  of  the  island  of  Bnda.  Mr 
Lindsay  (ahready  mentioned)  happened  at  this  time  to  be  at 
the  house  of  Mr  Strang  of  Lopness,  situated  in  that  part  of 
Sanda.  Although  the  main  force  of  the  shower  was  now 
spent,  the  effects  were  still  formidable ;  a  good  deal  of  the 
glass  In  the  windows  having  been  shattered.  As  the  doad 
was  passing  off,  it  occuTred  to  Mr  Lindsay  to  observe  the  state 
of  Mr  Strang's  barometer ;  and  he  found  the  mercury  sunk 
so  low,  that  it  was  necessary  to  mark  its  place  on  the  wooden 
frame,  the  scale,  a$  is  not  uncommon  in  old  barometers  con- 
structed for  this  country,  not  being  graduated  lower  dian  28 
inches.  Lieutenant  Baikie,  K  N.  has  since  extended  the 
scale,  and  found  Mr  Lindsay's  mark  to  indicate  27.76.  When 
the  cloud  had  completely  passed,  Mr  Lindsay,  having  gone 
intd  the  garden,  observed  that  the  ^^  cabbages  were  perforated 
as  if  musket-bullets  had  been  shot  against  them.'' — ^**  About 
an  hour  aflerwardd,^*  he  adds,  ^^  I  picked  up  some  that  still  re- 
mained undissolved,  and  found  that  they  measured  l/^th  inch 
in  diameter.  They  were  for  the  most  part  of  a  spheroidal 
form,  consisting  of  a  nucleus  resembling  common  hail,  occu* 
pying  about  one*third  of  the  diameter,  encrusted  by  a  coating 
of  transparent  ice.  Some  of  the  stones,  however,  were  irre- 
gularly formed  into  a  sort  of  crystallized  mass.'V  Mr  Strang's 
house  is  situated  about  twenty  feet  above  the  medium  level  of 
the  sea. 

The  last  remains  of  the  shower,  it  may  be  added,  were 
slightly  felt  on  the  south-east  point  of  the  island  of  North  Ro- 
naldsha. 

The  whole  extent  of  the  course  of  the  hail-storm,  from  S.  W. 
to  N.  E.,  was  thus  little  more  than  twenty  miles ;  and,  as  near- 
ly as  I  can  learn,  it  travelled  this  space  in  less  than  half  an 
hour,  or  at  the  rate  of  a  mile  in  a  minute  and  a  half,  as  it 
required  between  eight  and  nine  minutes  for  its  passage  over 
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Mr  Tay7.or's  house.  The  cloud,  when  at  its  highest  pitch  of 
acieumulation,  appears  to  have  extended  at  once  between  five 
and  six  miles  in  length. 

In  the  afternoon  the  sky  was  clear,  the  wind  hushed,  and 
the  air  warm  and  genial. 

Being  aware  that  at  all  the  Northern  Light-houses,  registers 
of  the  state  of  the  barometer  and  thermometer  are  regularly 
kept,  (an  attention  to  the  interests  of  science  which  is  high* 
ly  praiseworthy,)  I  applied  to  Mr  Stevenson,  Engineer  to 
the  Commissioners,  for  an  extract  of  the  register  at  the  light- 
house at  the  Start  Point,  or  eastern  extremity  of  Sanda; 
which  he  most  readily  granted  me.  It  appeared  that  the  hail 
had  not  at  all  touched  the  light-^house,  although,  as  already 
mentioned,  it  had  broken  the  glass  of  the  windows  of  the 
house  of  Lopness,  not  an  English  mile  distant  Mr  Charles 
NisBET,  the  principal  light-keeper,  writes  thus  to  Mr  Stevenson. 
^  I  was  at  work  in  the  field,  putting  up  some  h^y  at  the  time : 
the  sky  was  very  black  to  the  south-west,  with  thunder.  In  a 
short  time  rain  began  to  fall  h^vy,  with  a  shafp  breeze  of 
wind,  but  not  the  least  appearance  of  hail.  I  was  therefore 
surprised  the  next  day,  when  I  heard  of  the  mischief  done  by 
the  hail  at  Lopness^  The  fall  of  rain  at  the  farm-house  of  Se- 
libuster"  (situated  as  far  to  the  west  of  Lopness  as  Start  Point 
is  to  the  east)  "  was  very  heavy,  and  was  followed  by  some 
hyl.'' 

The  following  is  an  extract  from  the  Start  Point  register, 
from  20th  to  30th  July  1818. 
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State  of  the  Barometer  and  Thermometer  in  the  Start  Point 
Light-house,  the  instrument  being  situated  a  hundred  feet 
above  the  medium  level  of  the  sea. 


Bain  in 

Wlndi. 

TilMOf 

TlMrm. 

Bwomcter 

Incho. 

Noting. 

indcgieei. 

ininefac*. 

1818. 

8  A.M. 

July    20. 

— 

South 

Light  airs 

Clear 

— 

58 

30.07 

21. 

__ 

do. 

Breeze 

do. 

— 

55 

29.72 

22. 

.10 

do. 

do. 

do. 

— 

67 

29.70 

23. 

-. 

West 

do. 

do. 

— 

57 

29.92 

Hail  storm.  24. 

.. 

South 

Gale 

Foggy 

— 

57 

29.68 

25. 

.23 

East 

Breeze 

Clear 

-^ 

57 

29.78 

2(i. 

.. 

South 

do. 

do. 

^^ 

57 

29.83 

ft". 

.45 

West 

Light  airs 

do. 

«— . 

59 

29.98 

26. 

«. 

N.W. 

Breeze 

do. 

-. 

55 

30.12 

29. 

*. 

S.  E. 

do. 

Hazy 

— 

56 

30.02 

30. 

.27 

North 

do. 

do. 

•^" 

55 

29.70 

From  this  extract,  it  appears,  that  at  8  in  the  morning  of 
the  day  of  the  shower,  the  mercury  in  the  barometer  stood  at 
29.68,  and  that  on  the  following  morning,  at  the  same  hour, 
it  was  at  29.72.  The  effect  of  the  hail-storm,  in  producing, 
for  a  short  time,  a  more  attenuated  state  of  the  atmosphere, 
was  therefore  very  remarkable ;  the  mercury,  as  observed  by 
Mr  Lindsay,  having  sunk  two  inches,  or  to  27*76,  during  the  pas- 
sage of  the  cloud,  or  immediately  after  its  passage. 

Such  are  the  particulars  of  thid  remarkable  meteoric  occur- 
rence which  have  come  to  my  knowledge^  I  and  aWare,  that 
accounts  of  similar  hail-storms  are  upon  record,  particularly  in 
the  Philosophical  Transactions.  But  I  have  not  thought  it  ne- 
cessary at  this  time  to  examine  these,  nor  to  institute  any  com- 
parison ;  my  only  object  being  to  add  to  the  stock  of  facts. — 
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For  the  same  reason,  I  have  considered  it  unnecessary  to  ad- 
vert to  any  of  the  hypotheses  which  have  been  suggested  by 
philosophers,  in  order  to  account  for  such  hail  showers ;  for  the 
sudden  coalescing  of  the  watery  vesicles,  and  their  almost  si- 
multaneous conversion  into  ice. 

On  the  accompanying  little  Map,  Plate  XIL,  traced  from 
Murdoch  Mackenzie's  General  Chart  of  the  Orkney  Islands, 
the  track  of  the  hail-shower  is  pretty  accurately  laid  down, 
and  its  very  local  nature  ^s  thus  exhibited  in  a  more  striking 
manner. 
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XIIL  Obiervations  on  the  Mean  Temperature  of  the  Globe. 
By  David  Brewster,  LXi.  D.  F.  R.  S.  Loko.  & 
Sec.  R.  S.  Edik. 


(Read  FeXrruary  7.  ISSOJ 


J.F  no  provision  has  been  made  by  the  Great  Author  of  Na- 
ture,  for  equalising  the  light  and  heat  projected  upon  the  dif* 
ferent  bodies  of  our  system,  we  may  consider  the  earth  as  re-^ 
ceiving,  from  the  direct  action  of  the  solar  rays,  a  degree  of 
heat,  intermediate  between  the  condensed  radiations  sustained 
by  Mercury  and  Venus,  and  the  attenuated  warmth  which 
reaches  the  remoter  planets.     The  heat  which  our  Globe  thus 
acquires  from  its  locality  in  the  system,  is  again  tempered  by 
the  obliquity  of  its  axis,  and  is  distributed  over  the  same  pa- 
rallels of  latitude  by  its  daily  rotation.     When  the  Sun  is  in 
the  Equator,  his  rays,  beating  on  the  Earth  with  a  vertical  in- 
fluence, impart  to  it  the  full  measure  of  their  action  ;  and  as 
his  meridian  altitude  decreases,  their  intensity  suffers  a  corre- 
sponding diminution.    The  burning  heat  at  the  Equator  be- 
comes moderated  in  higher  latitudes.     In  passing  through  the 
temperate  zone,  it  declines  with  great  rapidity,  and  between 
the  Arctic  Circle  and  the  Pole,  the  rays  of  the  Sun  are  unable 
even  to  temper  the  piercing  cold  which  reigns  in  these  inhos- 
|>ttable  regions. 
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This  gradation  of  temperature,  so  obvious  to  the  sensations 
of  those  who  have  visited  southern  climates,  is  still  mate  dis* 
tinctly  indicated  by  its  physical  and  moral  influence.  The 
arid  plains  of  a  tropical  climate,  where  vegetable  life  is  almost 
extinguished  by  excessive  heat,  gradually  shades  into  the  more 
luxuriant  regions  of  the  vine  and  the  olive.  The  mild  and 
uniform  temperatures  of  Spain  and  Italy,  are  ogain  followed 
by  the  variable  climate,  and  the  more  verdant  kingdoms  in  the 
north  of  Europe.  Then  succeeds  the  region  of  blighted  vege- 
tation, where  nothing  can  exist  but  the  birch  and  the  pine,  and 
the  cliain  of  vegetable  life  terminates  m  the  hoary  desolation 
of  the  Arctic  Zone. 

The  progression  of  climate  is  no  less  distinctly  marked  by 
the  developement  c^  the*  human  faculties^  Indolent  and  im^ 
patient  of  thought  under  the  debilitating  influence  of  a  sultry 
atmosphere,  man  begins  to  unfold  his  capacities  as  he  is  remo^ 
ved  from  the  Torrid  Zone.  In  more  temperate  climates,  he 
cultivates  those  faculties  which  do  not  lead  to  very  rigorous 
application ;  imd  und^r  the  invigorating  influaace  of  a  colder 
sky,  the  mind,  attains  that  maturity  of  its  powers,  whidifits  it 
for  t}ia  most ,  abstract  and  prcxS^und  speculiations^  From  ^bis 
regiop,  distinguifiihed  as.  the  sciat  both  of  ancfait  and  modem 
civilisation,  Ht^e  mind  again  sinks. under  the  torpor  of  extareme 
coldy  and  the  distinctive  c^iaracters;  of  our  ^^i^ies  disappear 
among  the  diminutive  inhabitants  of  the  Polar  latitudes* 

The  in v^^igation  of  the  mean,  temperiature  of  the  EartJi^ 
connected,  as  it^  thus  appears  .to  be,  with  many  interesting  in^ 
quills  pf,  a  moral  and  physical  hatuire,  hais  ^trot  been  pursued- 
with,  the  same  ze^  ^  other  branches  of  knowledge;  Liong  a^ 
X^  theinvenlipn,.of  th^  thetnnofaeit^^.iio  attempt  had  bedn 
made  to  appl3r  it, to  m^teofolqgif^  ipurposes}  Mid  though,  Ar 
more  than  half  a  century,  its  indications  have  Jbeeh  registered 
,.;o  M  :  I  ••  -•    •'-'  in 
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lit. many  *paiis  «if  tbe.wmrldi  jnet  (he.  oiiseitraddnft  with  it liiuve 
conmKHily^  heeh  gmded  by  na  settled  jnrincqpddVavd  kre^  theore^ 
farCy  fbeqpiehtly.  a^fittfik  the  purpoics  of  geebraHsatton*  Phi^ 
hisophera .  urate :  spidifijed  wit^  deducing  a  hrar  cf  teniperature 
from  theoretioal  cohsidenttons ;  aiid  disdained  the  humbler 
and  moce  laborious. taak  of  intenogatiog  the  mass. of  &cts 
which  had  been  accumulated  by  zealous  md  active  observers* 
-  The.  first,  person  who  attempted  to.  deduce  irom  obser** 
vationta  genend  expression:  for  the.  mean  tempertitur8»  at 
all  latitude»y :  was  die  ctiebrated  asii^nomer  ToaiAS  Mater 
of  Gkittingen. .  AjMumihg  that  :the  heat  varies  as  the 
aqmre of  ^e.sine  of  the  .lafiitude^  he  obtained  the  fbrinuht 
Xni  iS:4-'26  X  Cos.  tiJjSLt.^  in  which  J8  is  the  n^ean  tempera- 
ture of  45^  of  north  latitude/ and  ^  26^  ^theidaffi^reQce  belweeii 
the  tMDperatttre  ^  that  iparallel  and  the  Equator  M*  LicH- 
TCNBiEa0|:fiiis^edi(xnr  of  Mateb^'s  posthumous  works,  applied 
this  iformnila  to  18  observations  of  mean  temperature  made  be- 
tween the  Cape  of  Grood  Hope  and  Stoddholm,  and  their 
agreement  was  ^considered  at  that  time  to  be  remarkable.  The 
sum  of  all  die  enx>ss  was  SS'.S,  or  %  little  more  than  2^  on  each 
observation;  but  as  the  errors  in  excess  amounted  to  22°.3, 
while  those  in  defect  were  only  4^5,  it  should  have  been  oh* 
vious  that  the  formula  was  founded  upon  an  incorrect  as- 
sumption. 

The  formula  of  Mayer  was  implicitly  adopted  by  Kirwan, 
in  his  able  work  On  the  Mean  Temperature  of  the  Earth;  and 
has  been  more  recently  brou^t  forward^  as  connecting  toge- 
ther, ^  in  a  most  harmonious  manner/'  the  results  of  distant 
temperatures^  although  the  fine  series  of  observations,  collec- 
ted by  Humboldt,  had  demonstrated  its  inaccuracy,  and  pro- 
ved, that  even  in  the  parallel  of  63*,  it  erred  in  excess  no 
less  than  9*"  of  Fahrenheit 

cc  2  The 
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The  beautiful  memoir  of  Humboldt  on  the  liothennalLinay 
or  lines  of  equal  temperature,  and  on  the  distribution  of  heat 
over  the  globe^,  has  given  a  fresh  impulse  to  this  fundamental 
bnmch  of  Meteorology,  and  will,  no  doubt,  introduce  a  new 
degree  of  precision  into  those  loose  and  ind^nite  records  of 
temperature  which  have  been  so  generally  accumulated  hi 
every  part  of  Europe.  In  attempting  to  reconcile  the  for- 
mula of  Mater  with  the  observed  results  as  given  by  this  ce- 
lebrated traveller,  I  expected  to  succeed,  at  least  for  the  western 
r^tons  of  the  Old  Worid,  by  the  adoption  of  more  correct 
co-efiicienls ;  but  as  I  proceeded  in  the  inquiry,  I  saw  that  the 
principle  of  the  formula  was  entirely  irreconcileable  with  well 
established  facts,  and  I  therefore  sought  for  a  law  diflS^rent 
from  the  duplicate  ratio  of  the  sines. 

.  In  comparing  the  temperature  of  the  Equator  ¥rith  that  of 
45^,  and  with  that  of  the  highest  latitude  in  Humboldt's  se- 
ries, it  was  obvious  that  the  cold  increased  much  more  rapidly 
towards  the  poles  than  had  been  believed ;  and  upon  extend- 
ing the  comparison  to  the  mtermediate  temperatures,  I  found 
that  the  mean  heat  of  any  place  was  well  r^iresehted  by  the 
radius  of  its  parallel  of  latitude,  or,  in  geometrical  language, 
that  the  temperatures  varied  with  the  cosine  of  the  latitude. 
In  expressing  this  law  I  have  aSsumed  81 7^  as  the  mean 
temperature  of  the  Equator,  the  very  dame  number  which 
Humboldt  has  preferred  as  the  mean  of  various  results  under 
distant  meridians.    The  formula  therefore  becomes 

T  =  81|Cos.Lat. 

The 


'  *  This  Memoir  has  been  tnmsiated  into  En^^,  and  published  in  the  Edin^ 
burgh  Ph\lodoj}h\ccU  Journal^  vol.  iii.  andiv. 
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*  The  folloMang  Table  contains  the  observed  mean  tempera- 
tures of  thirty-one  places,  situated  between  the  Equator  and 
the  parallel  of  70^  of  north  latitude,  together  with  the  calcu- 
lated results,  as  given  by  the  preceding  formula,  and  by  that 
of  Mayer,  in  its  latest  form. 


TABLE  OF  MEAN  TEMPERATURES. 


Eauator, 

Columbo, 

Chandernagore, . . . 

V/AUX/y  •••••••••••'•••I 

>  Funchal, 

^ome, 

MontpeUier, 

Bouraeaux^' 

Milan,  

10  Nantes, 

StMab, 

Paris, 

Brussels, 

Dunkirk, 

15  London,... 

Bushey  Heatl\,.... 

Kendal, 

New  Malton, 

Lyndon, 

20  Dublin, 

Copenhagen, 

Eoinburgfa, 

Carlscrona, 

Faw»de, 

^  Kinfauns, 

Stockholm, 

Upsal, 

Ado, 

Umeo, 

80  Uleo, 

I 1— 


Latitade. 


30   ^ 

88.87 

41.54 

48.86 

44.50 

45 .28 

47.18 

48.89 

48.50 

50.50 

51   .2 

51.30 

51  .87} 

54.17 

5%  .10 

54.84 

53.81 

55.41 

55.57 

56.16 

66.58 

56.88i 

59.80 

59.51 

60.87 

68.50 

65   .8 


OtatoTcd 

MMO.TODp. 


C«lc«ilaMd 
MttiiT6inp> 


81».60 

81«.60 

79.60 

80.90 

75  M 

75.10 

78.82 

70.56 

68.54 

66.68 

60.44 

60.66 

59.86 

59.03 

56.48 

57.88 

57.18 

58.88 

54.68 

55.85 

M.14 

58.65 

51.89 

53.65 

51.80 

51.47 

50.54 

51.85 

50.86 

50.74 

51   .8 

50.58 

46.08 

47.58 

48.28 

47.68 

48.90 

49.87 

49.10 

48.65 

45.68 

45.95 

46.88 

46.64 

46.04 

46.46 

44.80. 

44.86 

46.80 

45.18 

48.86 

41.57 

48.08 

40.94 

40.00 

40.88 

83.08 

35.96 

83.86 

34.38 

Difltoence. 


0°.00 
1.40  + 
0.46  — 

1.76- 
0.08  + 
0.88  + 
0,88— 
1.84  + 

1.10  + 
0.67  + 
0.89  — 
1.76  + 
0.88— 
0.71  + 
0.38  + 
0.68  — 
1.56  + 
0.75  — 
0.47  + 
0.45  — 
0.87  + 
0.59- 
0.58  — 
0.04— 
1.08  — 
0.69— 
1.14— 
0.88  + 
8.88  + 

1.11  + 


Difflerence. 


84' 
88 


76  4 


71 
69 
60 
59 
59  .0 

57  .7 
56  .10 
54 
54  .60 

58  .90 
62  .70 
58  .80 


.800 


49  .8 

49  9 

49  .5 

50  .6 
48  .6 
48  .881 
48  .8 
47  .6 

47  .9 
46  .5 
46  .1 
44  .6 

48  .1 
41  .3 


8°.7  + 

8.9  + 
.0.74— 
1.81  + 
0.46  + 
0.86  + 
0.04  + 
8.58  + 
0.52  + 
"  .48  + 

.66  + 
8.71  + 

1.10  + 
2.16  + 
1.94  + 


8,78  + 
1.62  + 
0.60  + 
1.50  + 
2.92  + 
2.09  + 
2.16  + 
8.20  + 
1.70  + 
8.24  + 
8.08  + 
4.60  + 
9.08  + 
8.04  + 
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Hiis  singular  agreement .  between  the  observed  and  calrala- 
ted  results^  and  the  equilibrium  of  the  positive  and  n^ative 
errors^  shews  that  the  formula  embraces  the  leading  causes 
which  affect  the  mean  temperature  of  the  west  of  Europe. 
The  sum  of  all  the  positive  errors  is  13\12|  and  the  sum  of 
the  negative  errors  9Ml ;  and  their  total  amount  is  ^.23^ 
which  gives  only  an  average  error  of  loths  of  one  d^ree  of 
Fahrenheit  upon  each  observation. 

The  results  of  Mater's  formula  give  all  the  errois  positive 
except  one,  and  their  sum  is  no  less  than  70\7,  being  2*.3 
for  each  observation.  The  error  of  the  formula  becomes  so 
great  as  9^  betwe^i  the  parallels  0£  60"  and  10%  whidi 
proves,  in  the  most  convincing  manner,  that  the  temperature 
of  32^,  which  Mater  assigns  to  the  North  Pole,  is  very  far 
above  the  truth.  The  formula  which  I  have  given  above 
makes  the  polar  temperature  so  low  as  zero^  or  (f  of  Fahren- 
heit's scale,  differing  32°  from  the  preceding  measure ;  but  the 
circumstance  of  its  representing  with  accuracy  the  mean  tem- 
peratures at  very  high  latitudes,  inspires  ua  with  some  confix 
dence  even  in  this  extreme  result 

Iq  this  state  of  uncertainty  respecting  the  probable  tempe* 
rature  of  the  North  Pole,  and  of  the  aocessible  parallels  be- 
tween 70"  and  80\  I  proposed  to  examine  the  most  northern 
meteorological  journals,  with  the  view  of  finding  some  general 
rule  by  which  the  mean  temperature  of  the  year  might  be  de^ 
duced  from  one  or  two  months  observations.  I  had  previous- 
ly communicated  my  formula  to  Mr  Scoreset,  and  requested 
from  him  some  information  respecting  the  temperature  of  the 
Greenland  Seas ;  aiid  I  had  the  satisfaction  of  finding,  that  this 
subject  had  engaged  his  most  particular  attention,  and  that  he 
had  actually  deduced  the  mean  temperature  of  the  parallels  of 

76*  45, 
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lffAS\  and  78%  firom  a  series  of  660  observations  made  by 
himself  in  nine  successive  years  *. 

..In  the  latitude  of  76^  45"  he  found  the  tnean  temperature  to 
be  18°  tVi$ddi8»  My  formula  makes  it  18^  iVvdths,  deviating  on^ 
ly  iVvdths  of  a  degree. 

In  the  latitude  of  78\  Mr  Scoresby  found  the  meati  tempe- 
rature to  be  16  V^Vdths.  My  formula  makes  it  16^i^i^dth8,  devia- 
ting only  libdths  of  a  degree.  MayerV  formula  makes  the 
mean  temperature  of  these  parallels  above  34V  erring  no  less 
than  39!"  upon  both*  observations/ whereas  the  error  of  my  for^ 
imila  is  only  jth  of  a  degree. 

It  appears,  tfafen,  from  the  evidence  of  dilect  observatiori, 
that  the  temperature  of  the  North  lE^ole  must  be  considerably 
lower  than  16^  iVodths,  and  must  therefore  be  more  correctly 
indicated  by  the  new  formula  than  by  that  of  Mayer.  Mr 
ScoaB99Y  has  attempted,  by  a  very  ingenious  analogical  pro- 
xess,  to  deduce  the  temperature  of  the  Pole  &cm  that  of 
1&A5^.  He  considers  the  difference  between  the.adtual  tem- 
perature of  that  parallel,  viz.  18''.86,  and  the  temperature  gi- 
ven bj  Mayer's  formula,  or  33^. 8r,  as  an  anomaly  produced  by 
the  irigorific  infliraiice  of  the  ice ;  and' having  found  whi^  this 
anomaly  should  be  at  the  Pole,  he  subtracts  it  from  Mater's 
polar  temperature,  in  order  to  obtain  the  real  polar  ti^mpera- 
ture,  which  he  thus  finds  to  be  l6^  This  result,  however,  is 
obviously  too  great,  upon  Mr  Scoresby's  own  principle ;  for 
since  Mayer's  formula  errs  gteatly  in  excess  in  those  parallels 
where  there  is  no  accumulated  ice  to  produce  an  anomaly,  it 
must  i^ve  at  least  an  equal  error  in  excess  for  the  parallel  of 
i6\4tS.  Now,  this  error  in  the  latitude  of  63**  and  SS""  in  Lap- 
land 


^  This  interesdng  investigstion  is  now  published,  in  Mr  Scobisby^s  excellent 
Account  qfihe  Arctic  Regions,  voL  i.  p.  856. 
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land  is  8^ ;  and  therefore  calling  it  also  8^,  which  is  far  tob 
low  for  the  latitude  of  76^  45,  we  have  for  the  mean  temperar 
ture,  unmfluenced  by  the  ice,  83\8  —  8\0  =  25\8  j  from 
which  subtracting  the  polar  anomaly  of  21%  as  computed  by 
Mr  ScoRESBY,  and  we  obtain  4^.8  for  the  mean  temperature 
of  the  Pole. 

In  the  preceding  paragraphs,  we^have  compared  the  results 
of  ^  the  formula  with  the  temperatures  of  individual  places, 
which  must  often  be  influenced  by  local  causes.  We  shall 
therefore  compare  the  formula  with  the  temperatures  of  the 
four  parallels  of  30%  40%  50%  and  60%  which  Humboldt  has 
deduced  from  a  great  variety  of  observations,  and  which  he 
considers  as  well  established. 

Lat  N.  Observed  Calculated  Differences. 


Mean  f  enip. 

Mean  Temp. 

do« 

70».52 

10\56 

0'.04  + 

40 

63.14 

62.43 

0.71  — 

50 

50.90 

52.39 

1.49  + 

60 

40.64 

40.75 

0.11 -f 

SCOBESBT  76  45' 

18;86 

18.68 

0.18-- 

Do.      78 

16.99 

16.95 

0.04  — 

The  differences  between  the  observed  and  calculated  tem^ 
peratures,  both  in  this  and  the  preceding  Table,  are  frequently 
owing  to  the  circumstance  of  the  thermometer  having  been 
observed  at  two  periods,  the  average  of  which  does  not  give 
the  mean  temperature  of  the  day.  The  Reverend  Mr  Gor- 
don has  found,  from  a  series  of  very  accurate  observa- 
tions, that  the  mean  temperature  will  be  obtained  most  cor- 
rectly in  this  country,  when  self-registering  thermometers 
are  not  used,  by  observing  at  10  o'clock  in  the  morning 
and  evening ;  and  it  is  highly  to  be  desired  that  this  prin- 
ciple should  be  adopted  in  all  our  meteorological  journals. 
Another  source  of  difference  arises  from  local  causes,  which 

oflen 


Digitized  by 


Google 


OF  THE  GLOBE.  209 

Biten  occasion  a  dtfierence  of  temperature  under  the  same  la^ 
titiide.  In  the  case  of  Edinburgh,  for  example,  the  mean 
temperature,  deduced  from  Mr  Playfair^s  observations,  is 
47.8^,  differing  con^derably  from  the  formula,  while  the 
VOL.  IX.  p.  I.  *D  d  mean 

#  1. 

- 

*  As  Mr  Playfaib'*8  otMervauons  were  made  in  Windmill  Street  and  Buc- 
cleuch.  Place,  where  the  thermometer  must  have  been  influenced  by  the  heat  reflect- 
^  from  the  oppo^te  sides  of  these  streets,  I  conmder  the  mean  of  his  annual  tem* 
peratures,  viz.  4T.8>  as  erring  in  excess,  and  have  therefore  preferred  4f6*.SS,  the 
result  of  Messrs  Milleb  and  Anises  observations. 

This  opnion  respecting  the  temperature  of  Edinburgh  is  strongly  confirmed 
by  the  following  valuable  and  accurate  observations,  miule  and  communicated  to  me 
by  my  friend  Mr  James  'Jab0ine. 

Tem^ebatubb  ot  the  Chawlet  Spbikg,  situated  664  feet  above  the  level  of 
the  sea. 

1811,  80th  Januaty,  .  iff. 5    Fahrenheit, 

Slst  March,  •  46.0 

18lli  April,  -  46  Jl 

19th  August,  .  46.7 

Mean,        46.85 
Add  for  334  feet  above  Merchant  Court,  - 1.00 


Mean  Temperature  at  Edinburgh,  47 .85 

Tempebatube  of  the  Black  Spbihg,  situated  882  feet  above  the  levd  of  the  sea^ 


1815,  ISth  January, 

44*.8    Fahrenheit. 

1811,  Slst  January, 

45.0 

1818,  4th  February, 

44.6 

1811,  18th  April, 

44.8 

1810,  17th  September,      . 

46.0 

1819,  8th  October, 

44.8 

1810,  Slst  December, 

45.0 

Meto        . 

44.86 

Add  for  65S  feet  above  Merchant  Court, 

1.95 

«-81  Mean 
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m^mi  temperfAiim,  accc»:ding:  to  the.  obsenrations  of  Messrs 
Mix^i£R?an(}  l^DiE^  is  46^.S8%  agreeing  v^ry  nearly  with  the 
ealculfttod  Jesuits.  ' '  -    .  ' 

'  'Hkhieito  wie  have  considered  only  Ae  temperature  of  the 
Olkjr  World,  as  determined  under  meridians  passing  through 
the  west  of  Europe ;  and  previous  to  actual  observation,  it  was 
reasonable  to  infer,  that  under  other  meridians  the  heat  would 
follow  a  similar  law  of  distribution.  The  testimony  of  travel- 
lers, hpwever,  soon  corrected  this  hasty  inference ;  and  as  the 
condition  of  more  distant  dimates  was  better  known,  the  seve- 
rity of  a  Canadian  and  &  Sibieriaii  winter  became  proverbial. 
Notwithstanding  this  evidence,  Mayer,  and  Kxrwak,  who 
adopted  his  formula,  have  considered  it  as  universally  appli- 
cable ;  and  Mr  Leslie  has  maintained^  on  the  authority  of  a 
few  insulated  facts,  that  the  average  temperature  of  the  Old 
and  New  World  will  be  found  the  same  f. 

These  speculations,  howeVer,  have  been  completely  over- 
turned by  the  researches  of  Humboldt.  He  has  shewn,  that 
though  the  temperature  of  the  Equatorial  regions  is  nearly  the 
same  under  all  meridians,'  yet  in  higher  latitudes  it  declines 
rapidly  in  the  New  World,  and  under  the  eastern  meridians  of 

Asia. 


Mean  Temperature  at  Edinburgh  from 

Bkck  Spring,  -  .  46.81 

Mean  Temperature  at  Edinburgh  froai 

Crawley  Spring,        -  - '        47 .85 

General  Mean  Temperature  of  springs 

at  Edinburgh,  -  «  47.08 

^  These  observations  were  made  in  Merchant  Court,  S80  feet  above  the  level 
of  the  I 


f  Edinbi$rgh  EncydopcsdiOy  Art.  Ak  erica,  Sect  Climaie  of  America^  vol.  i. 
p.  614, 
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A^ia.  Tn  ihe  thriBe 'first  colunatts  of  the  fbUdwing  TiEibte,  he 
has  given  the  difiference$  of  tetapemtare  fbt  the  Eaist^n  tod 
Western  Hemispheres,  under  the  parallels  of  SO**,  40%  islO''  tod 
IX)*"  of  north  latitude. 

Tempi  Temp.  Difference       Temp,  of  Diff.  be. 

Lat       Old  World     New  World,    between  Old     N.  World.  tweenobs. 

and  N. World,    calculated.  •  &calcul. 

30'  76\52  effM  Sr.GO  6^^07  +  ST.IS 

40  63.14  54.50  8.64  54.04  —  0.'46 

50  50 .90  87 .94  12 .96  88 .06  +0 .12 

60  40.64  28.72  16.92  28.02  —0.70 

The  differencie  of  tenbperAtam  of  the  Old  and  New  World  is 
ne^y  4^  in  the  parallel  of  SO"" ;  9'  in  the  parallelof  40'' ;  1S^ 
in  the  parallel  of  50' ;  and  17Mn  the  parallel  of  60'. 

It  would  haTe  l^een  >  desireable^to  haveexprMsed  these  dtf- 
feriBi^S)  l$y  iaddiirg  to  die  preeedingJformula  a  co-bfficient  de- 
pending on  die  longitude ;  'hat>  the  observations  are  not  suffi- 
ciently nmneroua '  for  this  >  purpose,  and  I  have  epntefated  my- 
self with  the  ib^owing  straple  expression,  which  enables^  us  to 
cdoilate  the- tempesatures- of  the  .New  Wor^ 

T  =  8H'  Cos.^  Lat  X  1.13. 

This  formula  makes  the  Equatorial  and  Polar  temperature 
of  the  New  Worlil  the  same  as  those  of  the  Old  World,  while' 
in  intermediate  latitudes  the  calculated  and  observed  results  do 
not  differ  upon  an  average  so  much  as  l''^  as  will  be  seen  from 
the  two  last  columns  of  the  preceding  Table* 

The  determination  of  the  temperature  of  North  America, 
enables  us  to  approximate  with  more  certainty  to  the  degree 
of  cold  which  exists  at  the  North  Pole  ;  and  as  this  question 
must  always  possess  considerable  interest  in  relation  to  any 
attempt  that  is  made  to  explore  these  icy  regions,  I  would  re- 

n  d  2  quest 
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quest  the  attention  of  the  Society  to  the  nature  of  the  argu* 
ment  by  which  I  conceive  that  we  tnay  ascertain  the  fnaximum 
limit  of  tibe  Polar  temperature. 

In  the  Old  Continent,  the  mean  heat  jat  60^  of  latitude  is 
40\  In  78^  of  latitude,  Mr  Scoresbt  makes  it  W^  and  thence 
infers  that  it  mu^  be  10"^  at  the  Pole.  Now,  if  Mr  Scoresby 
had  approached  the  Pole  in  a  meridian  passing  through  the 
New  World,  he  woiild  have  encountered  a  cold  of  24^  in  the 
latitude  of  60"" ;  and  in  the  parallel  of  78^  this  cold  would  haye 
increased  to  4^,  as  deuced  from  the  formula.  If  we  then 
subtract  from  this  an  anomaly  calculated  afler  Mr  Scorssbt's 
ingenious  process,  we  shall  find  that  the  Polar  temperature 
computed  in  this  way  is  many  degrees  bdow  the  zero  of  Fah- 
renheit's scale.  Or,  to  state  the  argum^it  more  popularly, 
since  the  cold  at  the  Pole  is  10^,  as  inferred  from  (d>sarvation0 
made  in  the  mUdest  meridian^  it  must  fall  greatly  below  this, 
and  even  bdow  zero^  if  inferred  Aom  observations  made  in  the 
coldeit  meridian.  The  winds  which  blow  firoin  the  continent 
of  Greenland, — ^from  the  northern  extremities  of  America,-— 
and  fiom  the  frozen  coast  of  Siberia,  must  produce  at  the 
North  Pole  an  influence  which  is  scarcely  felt  in  the  %iit2ber« 
gen  Seas. 

From  all  these  considerations,  we  are  entitled  to  infer 
that  the  formula,  which  represents  the  actual  temperatures 
with  such  accuracy  from  the  Equator,  and  through  all  the  va- 
rieties of  climate  in  the  Temperate  Zone,  even  to  the  parallel 
of  78**,  where  the  fixed  ice  acts, with  its  full  influence,  is  not 
likely  to  fail  in  its  accuracy  when  extended  to  its  limit ;  and, 
therefore,  that  the  temperature  of  the  Pole  itself  is  not  far 

from  0*  of  Fahrenheit  *. 

The 

*  As  this  reasoning  is  founded  on  the  assumption  that  tbt  Pole  is  the  coldest 
point  of  the  Globe,  the  results  given  abov^  y^l  ^dmit  of  considerable  modification, 

if 
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The  Meteorological  observations  which  have  been  recently 
made  in  Lancaster  Sound  by  Captain  Parrv,  confirm  in  a 
very  remarkable  degree  the  general  Formula,  and  the  opinions 
respecting  Polar  temperature,  which  I  have  endeavoured  to 
establish  in  the  preceding  pages^.  Instead  of  giving  too  great  „ 
a  degree  of  cold  to  the  Arctic  latitudes,  as  every  person  sup*-  ' 
posed  the  Formula  to  have  done,  it  errs  on  the  opposite  side, 
and  ascribes  to  the  parallel  of  74!''  ^  temperature  of  about 
6\  whereas  Captain  Parry  found  it  to  be  so  low  as  \\3B. 

This  intrepid  and  skilful  navigator,  whose  important  disco- 
veries in  the  Arctic  Regions  do  equal  honour  to  the  heroism 
of  the  men  under  his  command,  and  to  the  liberality  of  the 
British  Government,  observed  the  temperature  of  the  regions 
which  he  visited,  with  peculiar  care,  and  by  means  of  the  finest 
instruments.  The  observations  were  made  every  two  hours ; 
and  as  the  expedition  continued  nearly  twelve  months;  in  the 
Parallel  of  74"*  45',  and  in  the  Meridian  of  110",  we  may  consi- 
der the  mean  annual  temperature  of  that  point  of  the  globe  as 
established  by  means  of  above  4300  observations. 

The  following  abstract  of  this  valuable  Journal  has  been  . 
kindly  communicated  to  me  by  Captain  Parry,  with  the  per-^  \ 
mission  of  the  Lords  of  the  Admiralty,  f.uj,  /^^iv*>Ii  iI/ECi 


if  that  supposition  shall  be  found  improbable,  as  wiil  be  shewn  in  the  subsequent    j 

part  of  tills  paper. 

f 

•  This  part  of  the  Paper  was  read  before  the  Hoyd  Society  on  the  4th  De^ 
fTinber  1820.  •  '  '  ^ 
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"  ABSTRACT  of  the  Hecla's  Meteorological  Journal  for  Twelve  Kalenddr 
MonthSj  during  which  Period  she  was  within  the  ParaUeU  of74f*  and  75* 
of  North  Latitude. 


M02i^HSL 

Air  in  Shade. 

BEMARKS. 

Max. 

Min. 

Mkam- 

1819,  September, 
October, 
November, 
December, 

1820,  January, 
February, 
March, 
April, 
May, 
June, 
July, 
August, 

+  87* 
+  17-5 
+'6 
+  6 
—  2 
—IT 

+    «., 
+  32 

+  47 

+  51 

+  60 

•^1' 
—-28 

—  47 
-^48 
-47 
.^50 

-r40 

—  32 
—4. 
+  28 
+  32 
+  22 

+  22°Jf4 

—  8.46 
—20.60 
—21.79 
—30.09 
—82.19 
—18.10 

—  8.37 
+  16>66 
+  36.24 
+  42.41 
+  82.68 

<^  Diuaoi;  the  time  that  we  were  in  Win- 
ter Harbour,  it  was  always  found  that  the 
thertnometer  on  1>oard  stood  &om  9*  to 
5*  hijgfaer  than  the  one  <m  shore,  Snm  the 
warmth  created  by  the  fires,  &c.     The 
mimmum  tempoatune  -for  Pebruaty  was 
—  60*  on  bond,  but  —  55°  on  the  ice. 
On  the  ice,  14th  and  15th  of  February, 

teen  hours. 

Th?  mean  vmvti.  t^mpefature  may  be 
fairly  conddered  as  1°  or  2°  below  zero." 

Annuri  Tempwatui 

r^ 

_-    ■ 

+  1«.83 

Thfe'intensecdld  which  is  tlius  proved  ta  exist  in  die  lati- 
tude of  T4f'',  iihiicates,  when  comjykred  with  that  in  iSf'iii  the 
Spitzbergen  Seas,  a  very  singuiat  state  of  the  Isothertnal  linfes 
at  the  Pole  itseH.  The  thermomettic  curve  of  17%  which  risew 
in  the  meridian  o£  Spitzbergen  tb  the  78th  d^ee  of  north 
latitude/ dciscends  in  the  meridian  of  MelviUe  Island  to  ihe 
65th  degree,  and  unless  we  suppose  that  the  climate  of  tiiese 
regions  is  subject  to  no  law,  we  are  forced  to  conclude  that 
the  Pole  of  the  Globe  is  not  the  coldest  point  of  the  Arctic 
hemisphere,  and  that  there  are  two  points  of  greatest  cold  not 
many  degrees  from  the  Pole,  and  in  meridians  nearly  at  right 
angles  to  that  which  passes  through  the  west  of  Europe. 

Observations  are  still  wanting  to  determine  the  exact  posi- 
tions of  the  Isothermal  Poles ;  but  they  appear  to  be  situated 
in  about  80'  of  N.  Lat,  and  in  95"  of  East  and  100'  of  West 
Long. }  the  Transatlantic  one  being  nearly  S"  to  the  N.  of 

Graham 
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Graham  Moore's  Bay  in  the  Polar  Sea  j  and  the  Asiatic  one 
to  the  north  of  the  Bay  of  Taimura,  near  the  North-East  Cape« 
This  view  of  the  distribution  of  temperature  within  the  Fri- 
gid Zone^  suggests^  or  rather  renders  necessary^  a  New  Law  of 
the  Progression  of  Climates.  The  gradation  of  heat  on  the 
Transatlantic  Meridian  is  so  essentially  different  from  that  in 
the  west  of  Europe,  that  it  is  impossible  to  represent  the  two 
classes  of  phenomena  by  one  Formula,  In  which  the  limiting 
temperatures  are  found  at  the  Equator  and  the  Pole.  No  at- 
tempt, indeed,  has  been  made  to  include  them  in  the  same 
law,  and  still  less  to  refer  them  to  a  principle  which  embraces 
all  intermediate  meridians. 

•  As  we  are  not  acquainted  with  the  cause  of  the  anomalous 
distribution  of  heat  in  high  latitudes,  observation  alone  must 
guide  us  in  determining  the  form  of  the  Isothermal  lines. 
From  their  general  resemblance  to  the  Isochromatic  Curves,  I 
tried  to  calculate  the  temperatures  by  the  product  of  the  sines 
of  the  distance  of  the  place  from  the  two  Isothermal  Poles ; 
but  this  law  did  not  represent  the  facts,  and  I  found  that  they 
might  be  more  accurately  expressed  by  the  Formula 

Mean  Temp.  =  82^8  Sin,  D 

upon  the  supposition  that  the  greatest  cold  is  OF  of  Fahren- 
heit, or 

Mean  Temp.  =  86^.3  Sin.  D  ~  3^i 

upon  the  more  probable  supposition,  that  the  greatest  cold 
is  — 3V  of  Fahrenheit,  82^.8  being  the  Mean  Temperature  of 
the  Equator  in  the  Warmest  Meridian,  and  D  the  distance  of 
the  place  from  the  nearest  Isothermal  Pole  *. 


•  The  distance  D   from   llit^   Isothermal    Pole  is  in  the  coldest    meridian 
D:=i80^  — Lai, ;   and  in  the  warmest  meridian   Cos.  D^  Cos,  lO'^xSin,  Lai* 

hi 
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6j  applying  this  last  Formula  to  the  results  obtiuzied  bj 
Humboldt,  and  to  the  observations  of  Captain  Scoresby  and 
Captain  Parrt^  we  shall  have  the  following  observed  and  cal-^ 
culated  temperatures  * : 


MeanTaiifi.orOIdWarid 

M«u.T«ii«worN««r^ 

^rofid. 

IM. 

Obwnr. 

Calc 

Du^roncc* 

Obwnr. 

CiOc. 

DiOettttei. 

SO' 

70°.52 

71''.61 

+ 1*.09 

66».92 

62'.61 

—  4«.81 

40 

68.14 

68.81 

+  0.17 

54.50 

51.97 

—  8.58 

50 

50.90 

68.16 

+  8.86 

87.94 

89-65 

+  1.71 

60 

40.64 

41.55 

+  091. 

88.78 

86.08 

+  8.80 

74i 

Captain 

Parry, 

- 

-    1.33 

4.39 

+  8.06 

78 

17.00 

19.66 

+  8.66 

Captain  Sooresby. 

The  differences  in  the  fourth  and  seventh  columns  are  far 
from  being  considerable ;  and  when  we  reflect  upon  the  uncer-* 
tainty  in  the  position  of  the  Poles,  and  the  range  of  the  annual 
temperature  at  any  given  place,  the  coincidence  of  the  obser- 
ved and  calculated  results  is  greater  than  could  have  been  ex- 
pected. 

In  the  preceding  comparison,  the  places  to  which  the  mean 
results  belong,  are  supposed  to  be  situated  either  in  the  warm 
meridian  which  passes  through  the  west  of  Europe,  or  in  the 
cold  meridian  which  passes  through  N'orth  'America.  In  com* 
paring,  however,  the  theory  with  observation,  we  shall  proceed 
to  put  it  to  the  severe  test  of  contrasting  it  with  observations 
made  in  intermediate  meridians,  both  in  the  Old  and  the  New; 

World ; 

In  all  intennediate  meridians  we  have  Cos.  D  =:  S^ — *     ""  ^9  and 

Cos.  I 

Tang.  I  =  Cos.  M.  Tang.  L,  where  M  is  the  difference  of  lonptude  between  the 
place  and  the  Pole,  L  the  co-latitude  of  the  Isothermal  Pole  or  IQPy  and  /  the  co- 
latitude  of  the  place. 

*  The  calculation  for  the  Old  World  is  founded  on  the  suppodtion,  that  the 
meridian  to  which  the  mean  results  of  Humboldt  belong  is  at  rig^t  angles  to  the 
ccld  meridian  in  IW  West  Longitude.  The  greater  number,  of  places,  howf  ver^ 
from  which  the  mean  was  taken,  are  nearer  the  Asiatic  than  the  American  Pole^ 
Hence  we  see  the  reascNn  why  the  difierences  are  all  positive. 
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World }  and  in  this  comparison  we  shall  begin  with  the  Asia- 
tic Pole,  and  suppose  it  to  have  a  temperature  of — 3^^^  and 
to  be  placed  in  80^  N.  Lat.  and  95^  of  East  Long,  from  Green- 
wich. 


[Mstanee  from  the 

Mean  Temperature. 

Asiatic  Pole. 

Observed. 

Cidculated. 

Difference. 

Knontekies, 

20°  39' 

3r.03* 

26°.93 

4M0 

Uleo, 

23  16 

33.08 

80.59 

—  2.49 

Umeo, 

25  06 

33.26 

33.11 

0.15 

St  Petersburg, 

27  11 

38.84 

.35.92 

2.92 

Stockholm, 

29  44 

42.30 

39.30 

—  3.00 

-Moscow, 

29  55 

43.16 

39.54 

—  3.62 

Warsaw, 

36  06 

48.56 

47.35 

—  1.21 

Astracan, 

37  25 

49.08 

48.94 

—0.14 

Vienna, 

40  37 

51 .76 

52.68 

+  0.92 

Pekin,        - 

40  56 

54.86 

53.04 

—  1.82 

Nangasaki, 

48  57 

60.80 

61.58 

+  0.78 

Seringapatam, 

68  04 

77.00t 

76.55 

—0.45 

Columbo, 

73  12 

79.50 

79.12 

-0.38 

From  these  differences,  which  are  almost  all  negative,  it  ap- 
pears that  we  have  assumed  too  great  a  degree  of  cold  for  the 
Asiatic  Pole.    If  we  make  it  0>  of  Fahrenheit,  we  obtain  the 

following  results : 

Mean  Temperature. 


Observed. 

Calculated. 

I)iflereiice« 

Enontekies, 

31',08 

29.20 

—  1.83 

Uleo, 

33.08 

82.71 

—  0.37 

Umeo, 

33.26 

35.12 

+  1.86 

St  Petersburg, 

88.84 

37.83 

—  1.01 

Stockholm, 

42.30 

41.07 

—  1.23 

Moscow, 

43.16 

41.30 

-1.86 
Warsaw, 

*  Reduced  to  the  level  of  the  sea  by  Hitmboldt^s  rule. 
t  The  mean  temperature  in  1814  was  78^.25,  and  in  1816  75^.75. 
reotion  is  applied  for  its  deration  above  the  sea. 
VOL.  XX.  P.  I.  £  e 
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• 

If Mn  Tonpenture. 

Olwenred.                   Caleukted. 

Difierence. 

Warsaw, 

48^                   48.79 

+  0.28 

Astracan, 

49.08                   50.81 

+  1.28 

Vienna, 

51.76                   58.90 

+  2.14 

PeMn, 

54.86                   54.25 

—  0.61 

Nangasaki, 

60.80                    62.44 

+  1.64 

Seringapatam, 

77.00                   76.81 

—  0.19 

Columbo, 

79.50                   79.26 

—  0.24 

The  differ^ices  in  this  Table  (amountdng  at  an  average  to 
l""^)  we  far  within  the  limits  <^the  errors  of  observation ;  but 
being  n^ative  in  general^  they  may  be  reduced  still  fardier  to 
an  avwage  of  1^,  by  supposing  the  Asiatic  Pole  to  have  the 
temperature  of  + 1""  of  Fahrenheit,  whidi  it  ^^  warmer  than 
the  Transatlantic  Pole.    The  Formula  in  this  case  becomes 

T  =  81.g'Sin.D+l% 
from  which  we  obtain  the  following  results ; 


. 

Mtai 

t  Te«q9«i«tiire 

* 

Observed. 

Calculated. 

I^erenre. 

l^ntekies. 

31%03 

29.85 

—  1.18 

Uleo, 

33.08 

33.31 

+  0,23 

Umeo, 

33.26 

35.70 

+  2.44 

St  Petersburg, 

38.84 

88.37 

—  0.47 

Stocysolm, 

49.30 

41.57 

—  0.73 

Moscow, 

43.16 

41.80 

—  1.86 

Warsaw, 

48.56 

49.20 

+  0.64 

Astracan, 

49.08 

5a70 

+  1.62 

Vienna, 

51.76 

54.25 

+  2:49^ 

PekJn,        - 

54.86 

54.59 

— a«7 

Nangasaki, 

60.80 

62.69 

+  1.89 

Seringapatam, 

77.00 

76:92 

— ao8 

ColumbKH 

79.50 

79.33 

—0.17 

In 
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In  comparing  the  theory  with  abservatlons  made  round  the 
Transatlantic  Pole^  the  results  are  equally  satisfactory*  The 
third  column  of  the  following  table  is  calculated  from  the  for* 
mula  Tz^  86^.3  Sin.  D~3'|,  and  the  Pole  is  supposed  to  be 
situated  in  80^  N.  Lat.  and  100^  West  Long,  %  and  to  have  a 
temperature  of  —  S"^* 


Distance  from  the 

Mean  Temperature. 

^     ^^^                American  Pole. 

Observetl. 

Calctilstod. 

Diffmmce. 

Melville  Island, 

5-15 

r.88 

4'.39 

+  3-.06 

Upernavick, 

12  15 

16.34 

14.81 

1.53 

Omenak,    ' 

IS  58 

16.60 

17.33 

+  0.42 

Godhavn, 

17  08 

22.04 

21.92 

—  0,12 

Godthaab^ 

20  19 

26.07 

26.46 

+  0.39 

Fort  Churchhill, 

20  58 

25.34 

27^8 

+  2.04 

JuUanoeshaab, 

24  25 

30,33 

32.17 

+ 1 .84 

Eyafiord, 

24  08 

32.16 

81.78 

—  0.38 

Nain, 

25  16 

30.03t 

83.34 

+  3.31 

Okkak, 

24  47 

31.00^ 

32.68 

+  1.68 

Quebec, 

34  44 

41.90 

45.67 

+  3.77 

Cambridge, 

39  04 

50.36 

50.89 

+  0.55 

New  York, 

39  53 

53.78 

51.84 

—  1.94 

Philadelphia^ 

41  08 

53.42 

53.27 

—  0,15 

Williamsburg, 

43  40 

58.10 

56.09 

—  2.01 

Orotava^ 

60  00 

70.11 

71,24 

+  1.13 

80  00 

81.50 

(81.5 
\  81 .56 

0  .0 
+  0.06 

E  e  2  In 


*  ir  we  suppose  that  the  observations  in  We^t  Greenland)  and  those  about  Hud* 
yotiV  Bay  and  Labrador,  are'  best  fitted  to  give  the  position  of  tJie  Folej  it  is  ob- 
vious, that  it  should  be  removed  a  little  from  the  former,  and  brought  nearer  the 
latter,  so  as  to  lie  placed  a  degree  or  so  farther  South.  This  change  would  also 
j>roduce  a  greater  coincidence  with  Captain  Pak»y*6  observations,     i      "      ' 

t  For  177^-80.  See  Phii.  Trans.  J  For  1779—80.  Sec  Phil.  Tram, 
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-  In  the  reasoning  from  which  Humboldt  estimates  flie  mean 
temperature  of  the  Equator,  he  appears  to  me  to  have  tak^i 
for  granted  a  very  material  fact  Having  found  a  coincidence 
between  the  mean  temperature  of  equinoctial  America  and 
equinoctial  Asia,  he  concludes  that  the  mean  temperature  of 
the  Equator  is  81^.5,  and  is  uniform  in  every  point  of  that 
great  circle ;  but  as  these  are  the  very  regions  under  the  line 
where, the  temperature  should  be  the  same,  in  consequence  of 
being  similarly  situated  with  regard  to  Canada  and  Siberia,  no 
conclusion  can  be  drawn  until  a  similar  temperature  has  been 
found  on  the  African  coasts  of  Benin  and  Loangov  The  heat 
under  the  Equator  being  thus  supposed  to  be  uniform,  Hum- 
boldt felt  himself  entitled  to  conclude,  that  the  colds  of  Ca- 
nada and  Siberia  did  not  extend  their  influence  to  the  equato- 
rial plains  ^,  and  that  between  the  tropics,  the  isothermal  lines 
are  parallel  to  the  equinoctial. 

The  theory  which  I  have  explained  above,  requires  a  diffe- 
rent distribution  of.  heat  at  the  Equator.  The  maximum  mean 
temperature  of  that  circle  should  be  82® .8  in  Africa,  in  or- 
der to  give  81  ^.S.as  the  equinoctial  temperature  in  America  and 
Asia;  and  the  difference  of  these  values,  or  1^.3,  must  he  re- 
garded as  a  measure  of  the  influence  which  the  colds  of  Canada 
and  Siberia  extend  to  the  equatorial  plains.  Nor  is  this  a  mere 
theoretical  result  .  I  consider  it  as  fairly  deducible  from  facts 
furnished  by  Humboldt  himself;  and  this  distinguished  travel- 
ler seems  to  have  drawn  from  these  facts  the  same  condusion, 
before  he  had  deduced  the  uniformity  of  the  equatorial  t^n- 

perature 


^  Edinburgh  Phihscphical  Journal^  vdi.  iii.  p»  SG3.. 
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petature  from  a  comparison  of  Asiatic  and  American  observa* 
tions. 

In  his  Poiitical  Essai/  on  New  Spain^  he  makes  the  follow- 
ing remarks  :  ^*  On  tlie  eastern  coast  of  New  Spain,  the  great 
^^  heats  are  occasionally  interrupted  by  strata  of  cold   air, 
*'  brought  by  the  winds  from  Hudson's  Bay  towards  the  pa- 
^  rallels  of  the  Havannah  and  Vera  Cruz,     These  impetuous 
"  winds  blow  from  October  to  March ;  they  are  announced  by 
"  the  extraordinary  manner  in  which  they  disturb  the  regular 
"  recurrence  of  the  small  atmospherical  tides,  or  horary  varia- 
"  tions  of  the  barometer,  and  they  frequently  cool  the  air  to 
**  such  a  degree,  that  at  Havannah,  the  centigrade  thermome- 
*^  ter  descends  to  32^  of  Fahr.,  and  at  Vera  Cruz  to  60^  .8  Fahr. 
**  — a  prodigious  fall  for  countries  in  the  torrid  zone/' — Vol.  L 
p.  65*  Eng,  edit.     '^  The  great  breadth  of  the  New  Continent, 
**^  — ^the  proximity  of  Canada^ — the  uinds  which  blow  from  the 
"  norths  ^c.  give  the  equinoctial  regions  of  Mexico  and  the 
**  island  of  Cuba  a  particular  charactert     One  would  say,  that 
^*  in  these  regions  the  temperate  zone, — the  zone  of  variable 
"  climates, — increases  towards  the  souths  and  passes  the  tropic  of 
**  Cancer ^^  &c. — VoL  IL  p-  410,     **  On  the  east  coast  of  Mexi- 
"  CO,**  he  elsewhere  remarks,  **  the  north  winds  cool  the  air, 
"  so  that  the  thermometer  falls  to  62", 6  Fahr  ;  and  at  the  end 
**  of  the  month  of  February,  I  have  seen  it  remain  for  whole 
'*  days  under  69^.8 ;  while, during  the  same  period,  the  air  be- 
**  ing  calm,  at  Acapulco,  it  is  between  82  "^.i  and  86^*     The 
**  latitude  of  Acapulco  (16^  5^)  is  3«  farther  south  than  that 
**  of  Vera  Cruz  j  and  the  high  Cordilleras  of  Mexico  shelter  it 
"  from  the  currents  of  cold  air  which  r^ish  in  from  Canada  upon 
**  the  coast  of  Tabasco''  (Lat.  18**)~Vok  IL  p.  148-  * 

From  these  quotations,  it  appears,  that  the  cold  winds  from 
Hudson's  Bay  produce  a  very  striking  effect  upon  the  climate 

even 

♦  See  also,  vol.  I.  p.  75. 
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even  of  the  U<>pical  n^ont.  Rtsing  in  the  pandfel  of  60^^ 
and  sweeping  over  the  whole  continent  of  Ncnrth  Ameiiea^ 
through  an  extent  of  2600  miles,  they  retain  their  gi^d  in- 
fluence even  in  the  latitude  of  18^.  Cm  we  suppote,  then,  that 
such  winds  as  these  cease  dl  at  once  to  impart  their  cooling 
energies  to  more  soufliem  sones.  Actiag  with  such  power  in 
the  parallel  of  18^9  will  they  not  refresh  the  opposite  shores  of 
the  Pacific  Ocean,  and  temper  even  the  burning,  heata  of  the 
Equinoctial  Line?  Whatever  law  of  progression  we  may 
adopt  to  represent  the  cbcreesing  influence  of  these  mrtfaem 
currents,  in  their  paasage  towards  the  Line,  th^re  is  none 
which  allows  them  the  influenoe  described  by  HuMBouxr  on 
the  ooast  of  Tabasco,  that  will  not  extend  that  influence  to  the 
Equator  itself. 

Although  the  preceding  views,  respecting  the  distribution 
of  heat  within  th$  P^Hat  Cirqle,  HMke  )he  temperature  mudi 
lower  than  bftd  proviously  been  pupposed,  yet  when  taken  in 
coojunetion  with  the  results  of  the  expedition  uoder  Cfptain 
PARRYt  they  rather  enoQurage  the  hope9  which  have  been  so 
reasonably  enteftaiaed,  of  reaching  the  Pole  itaelE 

Upon  the  «uppos}ti<m  that  there  are  fm>  Isothermal  Centres 
in  8d>ofla<atfidetatKk  that  their  temperatureU*-^S^' of  fV^lren- 
h^tt  the  mean  temperature  of  the  Pole  of  the  Globe  will  be  about 
11%  incompen^y  warmer  then  the  regions  in  which  Captain 
pAaRY  spent  the  winter.  If  an  expeditimi,  dierefore,  were;  to 
aet  oat  for  Spitsbe^ro,  end  ranain  there  for  one  or  more  sea^ 
aons,  till  aQ  opening  should  be  found  throu^  the  icy  barriet 
which  stretcher  from  that  island  to  the  Greenland  coast,  there 
is  every  reason  to  believe  that  it  woMld  ultimately  nicceed. 

If  the  Pole  is  pl^ured  in  an  open  sea^  the  difficulty  of  reach- 
ing it  entirely  cegaes ;  and  if  it  forms  part  of  a  frozen  conti* 
nent,  those  intrepid  individuals  who  sustained  the  rigorous 
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cold  <^  T  anmrtef  Sound*  cottld  eixp«nfeiice  no  hardship  under 
a  compamtivel J  milder  dOimate. 

Hitherto  we  haire  supposed  the  two  Isothernwl  Polsstohave 
die  same  tfflnpera.tare»  and  to  be  situated  oo  nearly  opposite 
Meridians ;  but  this  soppositUm  ia  not  rendered  neoessary  by 
any  d^the  phatomena,  and  we  may  obtain  a  better  exfNression 
of  the  temperatures,  by  pladng  the  P<^ee  at  difier^it  distan- 
ces from  the  Equator,  and  ascribing  to  them  different  inten«- 
Ues*  Theejustmoeofae^JdMKi  a  wtfrvmeridlan,  isaproof 
durt  there  are  causes  which  p^verfiiUy  influence  the  anntml 
tenqperatnre^  iadcfpendaBt  of  the  poeilioii  of  the  Earth's  axis 
with  Inspect  to  the  Sun ;  so  that  the  etfecta  v^iick  they  pro- 
duce eim  havei  do  symmetrical  relatkw  to  the  Pole  eidMr  i»r 
position  or  intensity.  , 

The  two  Kortheiik  Poles  of  the  tenestrial  magoet,  for  ex- 
ample, ace  skuaiedythe  one  4r  and  ths  ether  SXt  fxam  tibe  Pofe^ 
and  they  haive  iteilher  equal  ki(ensiii»^  sor  cfiposite  posiiieiii. 
Imperfisct  as  the.  anahtgy  is  between  the  Isothermal  and  Ae 
Mi^giietic  centres,  it  is  yet  too  in^MMrtant  to  be  pflMed  orer 
without  notice.  Theit  local  ooinodeiice  is  seffieient]^  remarks 
able,  and  it  would  be  to  orerstep  the  HmilB  of  phaftaaphifffi 
catttkm,  to  maintain  that  th^  have  no  othier  eoonectSot^  biit. 
that  of  accidental  locality.  TJae  revc^don  ef  the  two  Magne^ 
tie  fod  round  the  Pole,  the  one  in  1740  yeara,  and  the  other 
in  800,  has  been  raoently  dscbbed  by  HAmxsBit  finxntimnie* 
reus  di>senratk>ns,  and  if.  we  hadl  as  many,  mensurea.  of  the 
mean  temperatnre^  as>  we  have  of  die/noeiBtiatKef .-  the  nerik^ 
we  taiigbt  detetmioe  whether  ther  IsothtEmaLiUeB  wenefixed 
<Mr  moircidale. 

The  idea  of  such  a  motion  suggests  an  explanation  o€.  aome 
of  the  most  remarkable  revolutions  on  the  sur&ce  of  the 
Globe..  ■  There  is  no  fact  in  the  Natural  Hi^x>ry  of  the  Earth 
better  ascertained,  than  that  die  climate  of  the  west  of  Europe 
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was  much  colder  in  ^icient  than  in  modern  thnes.  When  we 
learn  that  the  Tyber  was  often  firozen-; — ^^at  snow  lay  at 
Rome  for  forty  days ; — that  grapes  would  not  i^pen  to  the 
north  of  the  Cevennes ; — that  the  Ewane  Sea  was  frozen  over 
every  winter  in  the  time  of  Ovid  j — and  that  the  ice  of  the 
Rhine  and  the  Rhcme  sustained  loaded  waggons; — ^we  cannot 
ascribe  the  amelioration  of  such  climates  to  the  influence  of 
agricultural  operations. 

The  cold  Meridian  Which  now  passes  through  Canada  and 
Siberia,  may  then  have  passed  through  Ititly ;  and  if  we  trans- 
fer the  present  mean  temperatures  of  these  cold  regions,  to  the 
corresponding  paralldb  in  Europe,  we  shall  obtain  a  climate 
agreeing  in  a  singular  manner  with  that  which  is  described  in 
ancient  authors. 

It  is  not,  however,  in  the  altered  condition  of  our  atmo- 
s|^ere  merely,  that  we  are  to  seek  for  prooft  of  a  periodical 
rotati<m  of  climate.  The  impressions  of  the  plants  of  warm 
countries,  and  the  fossil  remains  <^  land  and  sea  animals, 
which  could  exist  only  under  the  g^iial  iniBu^ice  of  the  Tern-- 
perate  Zone,  are  found  dispersed  over  the  frozen  r^ons  of 
Eastern  Asiaj  and  there  is  scarcely  a  spot  on  the  solid  cover-: 
ing  of  the  Globe^  that  does  not  contain  indications  of  a  revo* 
lution  in  its  animal  and  vegetable  productions. 

This  int^diange  of  the  productions  of  opposite  climates, 
has  been  ascribed  to  some  sudden  alteration  in  llie  obliquity 
of  the  Ecliptic,  and  even  to  a  violent  displacement  of  the 
Earth's  axis ;  but  Astrcmomy  rejects  such  explanations,  as  ir- 
recondleable  with  the  present  condition  of  the  system,  and  as 
incompatible  with  the  stability  of  the  laws  by  which  it  is  go*- 
leerned* 

Having 
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Hatino  thus  endeavoured  to  establish  a  new  law  of  the  dis- 
tribution of  heat  over  the  surface  of  the  globe^  it  might  be  no 
uninteresting  inquiry  to  investigate  the  causes  which  have  mo- 
dified, in  so  remarkable  a  manner,  the  regular  influence  of  the 
solar  rays.  The  subject,  however,  is  too  comprehensive,  and 
too  hypothetical,  to  be  discussed  at  present.  How  far  the  ge- 
neral form  and  position  of  the  continents  and  seas  of  the  north- 
em  hemisphere  may  disturb  the  natural  parallelism  of  the  iso- 
thermal lines  to  the  Equator. — To  what  extent  the  current 
through  Behring's  Strait,  transporting  the  waters  of  warmer 
climates  across  the  Polar  seas,  may  produce  a  warm  meridian 
in  the  direction  of  its  motion,  and  throw  the  coldest  points  of 
the  globe  to  a  distance  from  the  Pole. — Whether  or  not  the 
magnetic,  or  galvanic,  or  chemical  poles  of  the  globe,  (as  the 
important  discoveries  of  M.  Oersted  entitle  us  to  call  them), 
may  have  their  operations  accompanied  with  the  production  of 
cold,  one  of  the  most  ordinary  efiects  of  chemical  action. — Or 
whether  the  great  metallic  mass  which  crosses  the  globe,  and 
on  which  its  magnetic  phenomena  have  been  supposed  to  de- 
pend, may  not  occasion  a  greater  radiation  of  heat  from  those 
points  where  it  developes  its  magnetic  influence  ?— are  a  few 
points,  which  we  may  attempt  to  discuss,  when  the  process 
of  science  has  accumulated  a  greater  number  of  facts,  and  made 
us  better  acquainted  with  the  superficial  condition,  as  well  as 
the  internal  organization,  of  the  globe. 


VOL.  IX.  p.  !•  F  f  Xiy. 
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XIV.  Method  of  determining  the  Latitude j  by  a  Sextant  or 
Circle  J  with  simplicity  and  accuracy^  from  Circum-meri- 
dian Observations^  taJcen  near  Noon.  By  Major-Gene- 
ral  Sir  Th,omas  Brisbane,  C  B*  F.  R.  a  E-  md  Cor^ 
responding  Member  of  the  Institute  of  FranceJ 

CRead  November  20.  1820J 


jTjlS  it  very  frequently  happ^is  that  an  observation  may  not 
be  ol>tained  for  the  latitude,  at  the  precise  instant  of  noon,  it 
becomes  a  most  desirable  object  to  supply  that  loss  hy  every 
possible  means.  The  method  which  I  am  about  to  detail, 
I  have  long  practised,  and  from  the  experience  of  many  hun- 
dred trials^  I  can  recommend  it,  as  combining  much  simplici- 
ty with  the  greatest  accuracy ;  since  o^e  day's  observations 
may  be  equal  to  diose  d^ved  from  the  dbonees  of  three  weeks 
of.  the  ordinary  course  of  weather  in  our  dimate.  Hiis  me- 
thod consists  in  merely  reducing  to  noon  these  observations, 
the  same  as  if  made  when  the  sun's  centre  wa9  on  the  meri- 
dian, by  the  means  of  a  very  simple  calculation,  which  1 
shall  detail,  and  illustrate  with  the  observations  for  two  days, 
in  order  to  shew  the  accuracy  of  the  results  thus  obtained. 
Having  previously  ascertained  the  time  of  noon,  either  by 
equal  altitudes,  or  from  simple  ones,  in  the  manner  I  had  the 
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honour  to  detail  in  a  former  commimicatioD  to  the  Society^ 
''  On  the  Mode  of  determining  Time  with  the  SestmU,''  I  begin 
nearly  l(f  from  noon  to  obaerve  the  sun's  altitude,  from  an  ar^ 
tificial  horizon  of  oil,  or  quicksilver,  and  continue  making  as 
many  observations  as  I  can  accomplish  until  the  nm  has  near- 
ly the  same  altitude  as  when  I  be^|;aD,  which  will  be  the  case 
about  as  long  past  noon,  during  which  an  escpert  obaervor  will 
easily  take  20  altitudes,  which,  in  most  cases,  will  be  soffidrat 
to  enable  him  to  retain  all  those  that  i^pear  to  be  cooaiatent, 
and  to  r^ect  those  that  differ  much  frmn  the  mean.  Tlie  er« 
ror  of  the  instrumeM  is  to  be  carefully  d^;ermhied  * ;  «id  the 
barometer  and  thermometer  must  be  noted,  and  their  results 
deduced,  agreeably  to  the  two  examplea  that  accompany  this 
memoir. 

I  hare  always  found  it  the  readiest  mode  to  correct  the 
noon  declination,  as  given  at  Greenwich,  fint,  for  the  dtfier- 
ence  of  meridiaDs,  and  next  for  Uie  time  of  the  obsi^rvatiotls, 
which  is  most  readily  done  by  calcuhting  what  die  dmaga  in 
one  minute  of  time  will  prodiuce,  and  then  multiply  that  by 
the  number  of  minutes  required  for  the  given  observation  f  * 

Having 


*  At  aed)  or  whM  it  ii  ndt  reijuired  to  proceed  widi  the  greatest  accuracy, 
tbe  flMUi  itftaelmi  vm^  be  uaedf  witkmt  Jam^mg  mmtraa  to  the  cmwetkw  fii# 
atiQoqpherieal  pcemire  and  tem^^ 

f  If  the  place  of  the  observer  b  west  of  the  first  meridian,  it  becomes  neces- 
sary to  add  the  proportional  pari  to  th^  ikxm  dedinadon^  for  the  ditference  <^  me- 
ridblis,  J&otaEk  thte  Yertial  Eqiunosc  until  die  Siimmek"  Sdstuie,  and  from  the  Au- 
tunnal  JBquinok  td  iht  Winter  SolMioe ;  but  fbr  the  rest  of  thfe  year  it  must  b« 
siditracted.  If  the  observer  is  situated  east  of  the  first  iheridiani  it  must  be  aab- 
tracted  during  the  spring  and  autumn,  but  added  during  summer  and  winter, 
tiad  the  sun  no  motion  in  declination  during  the  time  that  the  observations  conti* 
nue^  it  would  be  unnecessary  to  apply  any  correction,  as  in  the  case  of  observing  by 
lUe  stars ;  but  akboiigh  the  quanti^b  veiy  sdutll  during  so  short  a  period  of  tim^ 
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HaviDg  thus  cMermilied  or  corrected  the,  declination  for 

each  obsewatitMi,  there  r^nftioa.  nothing  to  b«  done  but  to  i^- 

ply  it  according  to  its  sign,  either  to  the  zenith  distance  ot  al- 

.  titude^  according  as  it  is  n^rth  or  south,  in  order  to  obtain  the 

latitude  correspottding  to  each  observation. 

That  most  justly  cdfebrated  astronomer  M.  Delambre,  to 
wbojn  all  practical  astronomers  are  most  deeply  indebted,  fa- 
voured me  vrith  the  following  formula,  for  correcting  or  re- 
ducing to  noon  these  observations, 

r,  2Suie»}P  /CosHCosD\    .     2 Sine*  P  /Cos  H  Cos  D\*  ^   ♦.^ /Hj.nx 

,  This  correction  appears  to  be  tedious  to  compute,  but^  by  t  he 
help  of  the  Tables  of  ?-^^  and  ^^^t  the  calculation 

will  be  much  abridged. 

The  second  faictot  of  die  first  term  Requires  to  be  computed 

ottly  to  five  places  of  decimals,  and  the  looking  out  of  three 

logaridims.    The  second  factor  of  the  second  term  is  formed 

j;  •      '  J.  Co-i&nis  H  Co-sine D    ,    •  •         - 

from  the  preceding  one,  — 8iiie(fl+lM^    bemg  squared,  and 

then  multiply  it  by  the  Co-cangent  (H  ±  D). 

*  The  second  part  of  die  above  I  have  omitted,  as  iln  observa- 
tions taken  neatly  15  firokn  noon,  I  have  never  found  the  cor- 
faction  resulting  fix>m  it  amount  to  half  a  second ;  but  I  have 

been 


stin  it  is  requi^te  to  pay  attention  to  it  ^or  this  purpose  the  proportional  part 
of  the  declination,  corresponding  to  the  horary  angle  of  the  ob^n^ation^  is  to  be 
added  to  the  declination  al  noon,  in  ofder  to  have  it  for  the  instant  of  obsenratioH} 
when  the  observation  is  made  before  noon,  and  the  declination  is  diminishing, 
If  the  observation  is  made  in  the  afternoon^  the  proportioDal  part  must  be  siib« 
bactedk 
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been  induced  to  give  it,  in  order  that  those  who  are  desirous 
may  avaii  themselves,  to  the  full  extent,  of  the  correction, 
which  for  the  Pole  Star  may  beeome  requisite,  when  the  ob- 
servations are  extended  from  15^  to  2(X  or  longer  afber  its^  pas- 
sage over  the  meridian.  Tlie  product  of  these  quantities  give 
a  logarithm  termed  /,  which^  added  to  the  logarithm  of 

— "^,  ^     taken  from  the  Table,  corresponding  to  the  horary 

angle,  gives  the  logarithm  of  the  correction  to  be  added  to  the 
altitude,  or  subtracted  from  the  zenith  distance  j  from  whence 
their  apparent  ones  are  to  be  determined. 

The  accompanying  Table,  valuable  for  miuiy  purposes  of 

astronomy,  viz.   — '  ^„  ^      is  extended  to  1 1'  from  noon,  which 

is  generally  sufficient;  but  those  who  are  desirous  of  ob- 
serving further  from  nocm,  may  continue  it  agreeably  to  the 
above  formulae.  This  Table,  with  Lalande's  small  volume 
of  Logarithms^,  are  all  that  is  required  for  the  determina- 
tion of  the  latitude  hy  this  method.  The  above  correction, 
or  Log./,  is  equally  applicable  to  the  repeating  circle  as  to 
the  sextant,  with  this  difference  only,  that  the  number  of  re- 
petitions must  be  .multiplied  by  that  number,  or  in  other 
words,  the  logarithm  9f  the  number  must  be  added,  in  or- 
der to  obtain  the, redaction  to  noon  for  their  sum.  I  have 
been  induced  to  pon^pi^  ^ox jny  om/^  observatory  Ipgaritbip/ 

for 


*  No  astronomer  should  be  without  this  little  work,  or  Callet^s  tables,  both 
of  which)  from  th^  value,  and  universal  use  in  calculations,  have  been  stev^y- 
I>ed  in  France,  and  abridge,  in  a  most  wonderfiil  degree,  the  proportions  required 
in  all  astronomical  computations.  As  the  one  term  is  invariaby  constant,  viz.  84 
hours,  the  change  that  takes  place  in  declination,  the  sunn's  longitude,  or  >R,  serves 
for  all  the  coIculaUons  of  one  day ;  so  that  in  fact  there  are  but  two  logarithms 
to  look  out,  in  the  most  complicated  proportion. 
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for  every  1(X  of  the  sun^s  declination,  both  north  and  south 
of  the  equator,  with  a  column  of  differences,  so  that  lean  de- 
termine, (Imost  by  inspection,  the  numbers  for  the  interme- 
diate minutes;  and  this  I  would  recommend  to  any  one  who 
means  to  prosecute  these  observations  for  a  considerable  time, 
or  in  a  fixed  observatory,  as  this  Table  is  equally  applicable 
for  the  corrections  of  observations  made  on  the  fixed  stars  or 
planets,  whose  declinations  do  not  exceed  the  limits  of  the 
Table ;  otherwise  it  will  be  necessary  to  extend  it  to  a  greater 
range  in  declination.  By  pursuing  this  simple  process,  I  am 
of  opinion,  that  the  latitude  of  any  place  may  be  determined 
to  within  a  few  seconds  from  a  single  day's  observations ;  and  I 
have  further  discovered,  that  those  taken  at  a  distance  firom  the 
meridian  afford  just  as  satisfactory  results  as  if  they  were  taken 
at  the  instant  of  noon  ;  and  this  I  have  confirmed  by  a  variety 
of  trials. 
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XV.  Description  of  a  Vegetable  Impr anon  found  in  the  Quar- 
ty  of  Craigleith.  By  Thomas  Allan,  Esq.  F.  R.  S. 
LoKD.  &  Edik. 


(Read  January  82.  1821.^ 


X  SOME  time  ago  had  the  honour  to  present  to  the  Royal  So- 
ciety, a  specimen  of  a  very  singular  fossil  which  had  been 
found  in  the  freestone  quarry  of  Craigleith,  near  this  city. 
It  presented  the  appearance  so  commonly  met  with  in  the 
sandstone  of  the  coal-formation, — an  impression  of  what  has 
always  been  considered  as  the  bark  of  a  vegetable  connected 
with  the  Palm-tribe ;  but  it  differed  from  any  thing  I  had  ever 
before  seen  of  the  kind,  by  having  circular  marks  ruiged  in  a 
line  along  the  surface,  being  apparently  the  impressions  of 
flowers  or  fmt  As  neither  of  these  grow  directly  froip  the 
stem  of  kay  plant  now  known,  except  among  the  Cactus  ge- 
nus, this  impresBion  might  have  been  referred  to  it,  had  not 
the  r^ukurity  of  distance  between  these  supposed  flowers, 
pointed  out  the  improbability ;  and  it  consequently  must  be 
referred  to  some  one,  the  prototype  of  which  is  no  longer 
known. 

The  size  of  the  specimen,  of  which  the  annexed  engraving 
is  a  very  exact  representation,  is  twenty-one  inches  in  length, 
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236  DESCRIPTION  OF  A  VEGETABLE  IMPRESSION 

and  about  fourteen  broad ;  the  widest  part  of  the  impression 
measures  four  inches,  and  the  diameter  of  the  circles  a  little 
more  than  three.  On  each  edge  of  the  mass  there  are  other 
impressions  of  vegetable  remains,  and  in  one  place  some  feeble 
indicatians  of  the  same  kind  as  those  on  the  principal  sur- 
face* 

I  considered  this  specimen  of  so  much  importance,  that  I  was 
induced  to  request  Mr  Greville  to  make  a  drawing  of  it,  with 
the  view  of  communicating  it  to  the  scientific  world ;  and  I  am 
liappy  to  acknowledge,  that  to  the  distinguished  abilities  of 
that  gentleman,  I  am  indebted  for  a  most  beautiful  design,  from 
which  the  annexed  engraving  has  been  made  by  Mr  Lizars. 
When  communicating  with  Mr  Lizars,  on  the  subject  of  this 
engravings  he  shewed  me  a  plate  he  had  executed  for  the  Encij^ 
clnpmdia  Edtnenm^  representing  a  specimen  belonging  to  Dr 
Millar,  similar  to  my  own,  which  till  then  I  considered 
unique.  I  waited  on  Dr  Millar,  who  politely  shewed  me  his . 
specimen.  It  presents  a  string  of  five  buds  :  they  are  smaller 
in  dimensions,  about  an  inch,  or  an  inch  and  a  half  in  diamV 
ter,  but  very  distinct^  set  at  regular  distances,  and  in  all  re- 
spects quite  analogous*  This  specimen  was  found  in  a  quarry 
belonging  to  Sir  John  Dalrymple,  on  the  ridge  a  little  south 
of  Dalkeith^^ — where  I  learn  a  great  many  other  fossils,  and 
many  curious  impressions  of  plants,  are  found  in  great  abun- 
dance. 

It  is  not  my  intention  to  touch  upon  the  interesting  specu* 
lations  which  the  occurrence  of  these  unknown  species  of  vege- 
tables irresistibly  opens  to  the  mind.  They  give  us  a  glimpse 
of  former  periods,  which  sets  conjecture  at  defi^nce^  and 
smiles  at  the  vain  attempts  of  theory  to  unravel.  I  only  wish 
to  call  the  attention  of  the  naturalist,  to  the  advantage  which 
may  be  derived  from  a  proper  attention  to  this  department  of 
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natural  history ;  and  when  it  is  known  how  much  this  country, 
I  may  say  our  immediate  neiglibourhood,  abounds  in  fossils 
of  this  description,  it  is  rather  to  be  lamented  that  no  exten- 
sive collection  of  them,  has  been  systematically  made.    In  ge- 
neral they  are  much  too  bulky  for  usual  sized  cabinets  ;  and  if 
some  place  were  appropriated  for  their  reception  in  the  Mu- 
seum of  the  Royal  Society,  I  have  no  doubt  they  would  soon 
accumulate.     For  besides  in  the  vicinity  of  Edinburgh  and 
Dalkeith,  they  are  found  in  immense  abundance  all  along  the 
coast  of  Fife,  down  to   St   Andrew's.      Within  high-water 
mark  near  Dysart,  there  are  trees  equal  in  bulk  to  the  cele- 
brated fossil  lately  found  in  the  quarry  at  Cowcaddens  near 
Glasgow,  which  has  the  strongest  possible  resemblance  to  an 
oak ;  and  in  the  quarry  of  CuUalo,  five  or  six  miles  from  Burnt- 
island, belonging  to  Mr  Stuart  of  Dunearn,  the  whole  of  the 
upper  stratum  of  a  most  extensive  field  of  sandstone,  is  filled 
with  them  to  an  extent  beyond  any  thing  I  have  ever  seen.    It 
was  in  this  locality  that  a  specimen  was  found,  which  was  sent 
by  Mr  Ferguson  of  Raith  to  the  College ;  it  appeared  to  be 
some  species  of  Reed,  of  a  truly  gigantic  size  ;  its  form  is  ellip- 
tic, and  it  measures  about  a  foot  by  eight  inches  in  diameter, 
and  is  in  length  seven  or  eight  feet. 

Having  such  stores  of  these  fossils  in  the  immediate  neigh- 
bourhood, it  is  no  small  reproach  to  us  to  be  without  a  collec- 
tion. On  the  Continent,  I  am  told,  an  antediluvian  Flora  is 
now  in  preparation ;  and  with  such  means  at  our  disposal,  why 
should  we  not  have  an  antediluvian  Hortw  Siccm  f 
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XVI.  Account  of  the  Native  Hydrate  of  Magnesia^  discaoered 
by  Dr  Hibbert  in  Shetland.  By  David  Brewstek, 
LL.  D.  F.  R,  S.  LoNa  &  Sec.  R.  S.  Edin. 


(Read  January  8.  1821 J 


X  HE  Native  Hydrate  of  Magnesia  was  first  discovered^  and 
ranked  as  a  separate  Mineral,  by  the  late  Dr  Bruce  of  New 
York,  It  was  found  only  at  Hoboken  in » New  Jersey,  traver- 
sing serpentine  in  every  direction,  in  veins  from  a  few  lines 
to  two  inches  in  thickness^  Its  specific  gravity  was  2.13,  and 
it  yielded  upon  analysis  70  parts  of  pure  magnesia,  and  30  of 
water*. 

In  the  year  1813, 1  received  some  fragments  of  this  rare  mi- 
neral from  our  late  eminent  countryman  Dr  John  Murray, 
and  though  it  exhibited  no  traces  of  a  crystalline  structure,  I 
found  it  to  be  a  regularly  crystallised  mineral,  with  one  axi^ 
of  double  refraction,  perpendicular  to  the  laminae  f.  The  con- 
nection between  the  primitive  form  of  minerals  and  their 
number  of  axes  of  double  refraction,  which  I  observed  at  a 
subsequent  period,  enabled  me  to  determine  that  the  Native 
Hydrate  of  Magnesia  belonged  either  to  the  Rhomboidal  or 
the  Pyramidal  syst^n  of  Mohs* 

In 

. .  II 

*  See  BaocB^s  American  MmeraJogicai  Journal,  vol.  i.  p.  86.-S0. 
t  See  PhiL  Trant.  1814.  p.  218.,  and  1818»  p.  Sll. 
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In  this  state  of  our  information  respecting  native  magnesia, 
Dr  HiBBERT,  who  has  distinguished  himself  by  his  excellent 
mineralogical  survey  of  Shetland,  and  augmented  our  national 
resources  by  the  discovery  of  Chromate  of  Iron  in  large  quan- 
tities, put  into  my  hands  a  mineral  from  Shetland,  which  had 
been  considered  by  mineralogists  as  IVhite  Talc^  but  which,  he 
was  persuaded,  differed  materially  in  the  nature  of  its  ingre- 
dients from  t]iat  substance.  In  consequence  of  being  familiar 
with  the  Hoboken  Magnesia,  I  considered  the  Shetland  speci- 
men as  the  same  mineral ;  and  I  put  this  opinion  beyond  a 
doubt,  by  establishing  the  identity  of  their  optical  properties, 
and  also  by  a  chemical  examination  of  the  two  substances. 

Mineralogical  Character. — The  structure  of  Native  Hydrate   ^ 
of  Magnesia  is  distinctly  lamellar.     The  laminse  sometimes 
diverge  from  a  central  line,  and  frequently  occur  in  groups, 
with  the  laminaB  of  one  group  inclined  to  those  of  another, 
like  the  masses  of  mica  in  granite. 

The  colour  of  the  laminae  is  white,  and  a  slight  tinge  of 
green  is  sometimes  observed,  when  we  look  upon  their  edges. 
They  are  perfectly  transparent  when  separate  ;  but  I  have  no- 
ticed in  specimens  exposed  to  the  weather,  a  dull  and  white 
opacity,  which  had  been  induced  by  the  separation  of  the  mi- 
neral into  a  greater  number  of  minute  laminse.  This  White 
part  has  the  same  relation  to  the  transparent  part  as  AUnn  has 
to  Apophj/lUte  %  and,  as  happens  with  this  mineral,  the  disinte- 
gration follows  the  crystalline  structure  of  the  body.  One 
specimen  of  this  kind  exhibited  a  six-sided  prism,  the  interior 
of  which  was  undecomposed,  while  all  the  external  part  had  a 
"white  opacity. 

The  Native  Hydrate  of  Magnesia  scratches  Tcdc^  from 
which  it  may  be  easily  distinguished,  as  the  former  marks 
white  paper  with  a  silvery  powder,  whereas  the  latter  gives 

only 

•  See  Edin.  Phil.  Journal^  vol.  L  p.  6. 
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odly  a  poK^hed  line^  afiK)<]eave8'noiie^it8  owii  s6bd»Dee«  Its 
hardness  seems  to  be  1.5.  .-...  'x    ..     '  ':.>     .  ;       ,f 

In  several  specimens  I  have  observed  a  distinct  crystalline 
Structure,  in  the  form  of  the  regular  hexahedral  prism.  The 
pyramidal  form  being  therefore  excluded^  it  will  belong  to  the 
Rhomboidal  syBtein  q(  Mdub. 

Its  specific  gravity  is  2,336.  It  adhei:es  very  sUghtly  to  the 
tongue ;  and  it  will  constitute  a  new  Grenus  of  the  5th. Order, 
or  that  of  Mica  in  the  2d  Class  of  Mohs'  system,  unless  the 
order  of  TuU>Mica\^  modified  to  receive  it 

Locality. — Dr  Hibbert  found  this  substance,  in  1817,  at 
Swinaness  in  Unst,  one  of  the  Shetland  Isles,  traversing  serpen- 
tine in  all  directions,  being  mixed  with;  the  J\f  agneeiaii  Car- 
bonate of  Lime,  and  forming  veins  from  half  an  indl  to.  six 
or  eight  inches  bfoad 

Chemical  Character. — Hydrate  of  Magnesia  dissolves  entire^ 
ly  in  muriatic,  nitric  and  dilute  sulphuric  acids,  and  I  obtain*- 
ed  from  its 'solut ions  in  the  muriatic  and  sulphuric  acids,  the 
deliquescent  sdt  of  Muriate  of  Magnena^  and  regular  crystals 
of  Sulphate  of  Magnesia.  On  some  occasions  a  vjery  slight  ef- 
fervescence takes  place ;  but  this  no  doubt  arises  from  adhering 
particles  of  carbonate  of  lime,  or  from  a  small  quantity  of  car- 
bonic acid,  which  may  have  been  absorbed  by  exposure  to  the 
atmosphere.  i 

The  following  analysis  of  this  mineral  has  been  made  by  Dr 
Fyfe,  since  the  preceding  account  of  it  was  drawn  up  : 

Magnesia,  -  69.75 

Water,        -         ^  30.25 
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Dr  Bbuce  of  New  York. 

Optical  Structure. — ^l!li6  Native  Magnesia  has  One  axis  of 
double  refVactiofi  perpendicular  to  the  lamino,  and  edubitf 
the  single  system  of  coloured  rings  traversed  by  a  black  cross. 
The  character  of  its  action  is  Podtwe  like  that  of  Quartz^  and 
the  tints  whic^  it  polarises  are  different  from  those  of  Naw- 
ton's  seale^  resemUing  Somewhat  those  whidi  surround  the 
resultant  axes  of  Selenite^«  This  mineral  is  not  phosphores- 
cent by  heat. 

DuUndvoe  Character.^^-^Th»  Hydrate  of  Magnesia  is  distin- 
guislMMl  horn  Taic^  by  its  havii^  one  atis  of  double  refxaction, 
while  f^  basitwo  ax^;-^-by  ks  loviter  specific  gravity^  and 
greater  hardness ; — by  its  marking  paper  with  a  polished  line, 
in  place  of  a  silvery  one,  as  already  noticed ;  and  by  its  solubi- 
lity in  acids.  It  is  distinguished  from  the  Common  Mica  with 
two  axes,  by  the  elasticity  of  the  latter,  as  well  as  by  ks  two 
axes ;  and  it  is  equally  distinguished  from  the  less. flexible 
Mica,  qfKaruU  in  Greenland^  aixd  from  other  micas  that  have 
only  one  4xis,  by  that  i»is  being  positive  in  the  Magnaia  and 
negkttve  in  the  Mica^  and  also  by  the  character  o£  the  tints 
with  which  Che  kxii  is  encircled* 

It  is  distingui^^  from  Sdenite^  by  its  having  pne  axis  at* 
double  refraction  perpendicular  to  the  laminae,  whereas  Sel^ 
nite  has  two  resultant  axes  lying  in  the  plane  of  the  laminae ; 
— by  the  Wa*it  of  regular  cleavages, — and  by  its  solubility  in 
acids. 

•  See  Phii.  Tram.  1918,  p.  248.      , 
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XVIL  Description  of  a  Magnetimeter^  being  a  New  Imtrument 
Jhr  Measurifig  Magnetic  AUraciion$^  and  Finding  the 
Dip  of  the  Needle ;  with  an  Account  of  Experiments 
made  with  it.      Bif  William  Scoresby^  Esq.  juk. 


tin 


*  1 1  <<• 


'  F.  R  S.  K  M.  W.  S.  *c. 

♦  ,,..  .  :  1  ^ 


^  1 


(Read  Jammy  92.  1821.^ 


My  Dear  Sir,  Livetpoot^  9th  Jan.  1821. 

<^BouT  ten  months  ago^  I  had  the  honour  of  communicating 
to  the  Royal  Society,  a  description  of  a  new  instrument  for  as- 
certaining the  Magnetic  Dip.  Having  made  very  consider- 
lable  improvements  in  the  apparatus,  by  means  of  which  some 
curious  r^ultiB  on  the  magnetic  laws,  especially  those  that  relate 
to  the  production  and  annihilation  of  magnetism  in  iron,  have 
been  obtained,—^!  now  beg  leave  to  submit  to  the  Society  a 
drawing  and  description  of  tny  improved  instrument,  together 
with  an  outline  of  some  of  the  most  interesting  experiments 
made  with  it.  Many  of  the  results  appear  to  me  to  be  new; 
if  so,  their  importance  will  be  my  excuse  for  repeating  some 
ptfrts  of  the  description  given  in  the  former  paper.  It  has 
vou  IX.  p.  I.  ii  h  been 
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been  long  known  that  iron  might  be  rendered  magnetical  by 
percussion  ;  but  I  am  not  aware  that  the  precise  effect  of  posi- 
tion has  ever  been  suggested.     I  remain,  &c. 

William  ScoRESBT  Jiifi. 
To  Dr  Brewster*     I  ' 

Sec.  Royal  Soc.  Edin.  j 


From  a  series  of  observations  on  the  anomalies  in  the  posi- 
tion of  the  Magnetic  Needle  on  shijvboard^  made  on  the  coast 
of  Spitzbergen  in  the  years  1815  and  1817,  I  was  led  to  attri- 
bute the  deviation  of  the  eompum  to  the  combined  attraction  of 
all  the  iron  in  the  ship  having  a  vertical  position,  as  it  appear- 
ed that,  in  high  latitudes,  horizontal  bars  of  iron  had  scarce- 
ly any  influence  on  the  needle.  The  result  of  my  investiga- 
tions, with  the  several  inferences  drawn  from  them  about  the 
time  of  observation,  were  published  in  the  Philosophical  Trans- 
actions  for  1819.  In  the  present  paper,  therefore,  it  is  my 
intention  only  of  communicating  to  the  Royal  Society  some 
curious  facts  which  have  arisen  out  of  a  furth^  investigation 
of  the  subject 

For  examining  into  the  phenomena  of  the  polarity  of  iron 
arising  f^om  position.  Sec.  I  oonstrufiledi  abcmt  the  mtmth  of  J^e- 
cember  1819,  an  apparatus,  of  which,  with  improvements  recent>- 
lym'add,  the  following  is  a  d^scriptiont  It  consists  of  a  sipall 
table  of  hrMs,  A,  Plate  XIIL  Fig^  h,  4?  inches  squ^e,  and  5f 
inches  high,  having  a  plate  of  brass  C  attached  to  it  by  hinges^ 
and  moveable  by  means  of  the  whe^l  ^nd  pipipn  D,  {),  through 
an  arch  of  250  degrees  of  a  vertical  circle.  This  pkte  has  a 
sniall  strafight  groove  rulSniog  froni  end  to  end,  in  the  line  aa^ 
for  the  purpose  of  receiving  bars'ol  metal,  the  polarity  of  which 

is 
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k  to  be  detennined.   These  bars  ar6  readily  fi&ed  to  the.pli^, 
by  being  slipped  through  a  drcular  aperture  in  the  end  of  a 
spring  b,  which,  perforating  the  moveable  plat6,  and  acting 
downward,  firmly  embraces  any   substance   laid  along  thid 
groove.     The  angular  position  of  the  moveable  plate  is  mtfrk* 
ed  by  a  circle  FF,  screwed  upon  the  side  of  the  table.     It  is 
graduated  so  as  to  mark  the  an^  between  the  n^bveaUe  jdite 
and  the  horizontal  plane,  whether  above  or  below  k.    To  In* 
Hure  aecuracy  in  this  angle,  the  bnje  horizontal  position  of  tibe 
table,  and  with  it  the  horlzimtal  line  qn  the  drde^  is  detenniib- 
«d  by  means  of  a  spirit-level  G ;  and  that  the  movemeiits  of 
the  plane  may  be  accurate^  and  the  angle  marked  tme^  the  pin 
which  passes  throu^  the  hinges  also  forms  the  centre  of /the 
wheel  D,  and  terminates  exactly  in  the  centre  of  the  graduated 
circle  F.    H  is  a  moveable  flat  plate  of  brass,  divided  into 
rhumbs  and  degrees:  it  is  furnish^  with. a  magnetic  needle, 
having  an  agate  cap  traversing  on  a  brass  or  steel  point.    .Hie 
needle  can  be  changed  according  to  the  nature  of  the  drcuin* 
stances ;  a  very  light  and  strongly  magnetized  one  being  used 
in  delicate  experiments.    The  compass  or  plate  carryii^.tfae 
needle,  being  moveable,  its  distance  from  the  bar  resting  on 
the  limb  C,  can  be  varied  at  pleasure.    The  centre  of  the 
hinges  is  one-tenth  of  an  inch  above  the  level  of  the  table } . 
the  magnetized  needle  stands  at  the  same  elevatioi) ;  and  the 
bars  in  use  being  one-fourth  of  an  inch  diameter,  are  sunk  in 
the  groove  of  the  moveable  plate  to  such  a  depdi,  that  their, 
axis,  Qr  centre,  precisely  corresponds  with  the  centre  of  tbe 
hinges ;  hence  the  middle  of  the  extremity  of  each  bar  is  at  the 
same  elevation,  and  at  the  $ame  distuice  from  the  needle  in 
every  position  of  the  moveable  limb.    To  give  firmness  to  the 
instrument  in  making  experiments,  the  table  is  fixed  by  the 
feet  to  a  mass  of  lead  I,  of  seven  or  eight  pounds  weights     By 

'  H  h  2  means 
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measis  of  this  plate,  of  lead,  which  has  a  screw  d  at  each  cor^ 
tter,  the  whole  apparatus:  is  readil3r  put  into  a  horizontal  po* 
sition.  As  the  instrument  is  put  together  by  screws,  it  can 
be  easily  taken  to  pieces,  so  as  to  become  exceedingly  por- 
table. 

^  Hitherto  this  instrument  has  beai  principally  used  for  esti- 
mating the  magnetism  of  position  in  iron, — for  ascertaining 
the  existence  of  permanent  polarity  in  iron  or  steely — ^for  mea^- 
suring  imd  comparing  magnetic  attraction  or  repulsion,  as  pro- 
duced in  iron  by  certain  means  independent  of  the  magnet, — 
and  for  determining  the  magnetic  dip. 

From  ignorance  o^  or  inattention  to,  the  magnetism  of  po* 
sition,  various  erroneous  conclusions  have  been  drawn  and 
propagated  respecting  the  phenomena  of  the  magnet.  For  in- 
stance :  In  several  popular  works  on  this  subject,  that  I  have 
consulted,  it  is  st^ed,  that  *^  if  an  iron-bar  have  gained  a  ver- 
ticity  by  being  heated  red-hot  and  cooled  again,  north  and 
south,  and  then  hammered  at  the  two  ends,  its  virtue  will  be 
destroyed  by  two  or  three  smart  blows  on  the  middle*." 
Now  there  is  a  particular  case  in  which  this  may  be  true ;  but 
most  generally  the  sta^emait  is  inaccurate :  for  by  hammering 
a  bar  of  iron  at  the  ends,  or  in  the  middle,  magnetism  may  be 
destroyed,  produced,  or  inverted,  according  to  the  position  in 
which  the  bar  is  held.  The  effect  of  position  is  indeed  such,  that 
a.  bar  that  has  been  presented  to  a  magnetic  needle,  and  found 
free  from  magnetism,  when  presented  a  second  time,  a  quar- 
ter of  an  inch  nearer  to  the  needle,  or  at  an  angle  a  degree  or 
two  nearer  the  horizontal,  may  appear  to  have  gained  south 

polarity, 

*  See  Huttok'^s  Math.  &  PhiU  DicU  &c.  article  Magnet* 
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polarity^  by  attracting  the  north  pole  of  the  needle.  With 
this  instrument^. however,  pieces, of  iron  or  steel,  after  having 
their  state  as  to  magnetism  determined  by  it,  and  being  then 
submitted  to  any  operation  capable  of  affecting  their  polarity, 
can  be  brought  a  second  .time  to  the  same  precise  position, 
can  be  presented  at  the  same  angle  to  the  needle,  and  can  have 
any  change  In  their  polarity  determined  in  the  most  satisfac- 
tory manner. 

As  a. substitute  for  the  dipping  needle,  this  instrument  be- 
ing much  less  expensive,  and  much  more  portable,  may  be 
considered,  perhaps,  of  some  importance.  The  situation  in 
which  bar- iron,  void  of  permanent  polarity,  loses  its  magnetism 
of  position,  is  the  plane  of  the  magnetic  equator.  The  obliqui- 
ty of  this  plane,  measured  from  the  horizontal,  is,  in  London, 
Id'^SG',  that  is,  in  tlie  line  of  its  axis  coinciding  with  the  mag- 
netic meridian.  It  dips  towards  the  south,  and  is  horizontal 
in  the  east  and  west .  The  obliquity  of  the  magnetic  equator 
being  the  complement  of  the  dip,  and  my  magnetic  apparatus 
enabling  us  to  discover  that  obliquity,  by  pointing  out  the 
angle  of  no-attraction  in  iron,  we  are  furnished  with  a  simple 
process  for  determining  the  dip  of  the  needle  *. 

By  means  of  this  instrument,  several  curious  results,  in  the 
phenomena  of  magnetism,  have  been  obtained.  The  experi^ 
ments  were  chiefly  made  on  small  bars  of  iron  and  steel,  laid 
in  the  groove  of  the  moveable  plate.  As  the  instrument,  at 
the  same  time,  was  placed  in  a  north  and  south  position,  ac- 
cording to  tlie  compass,  the  bar,  on  being  elevated  or  depres- 
sed, traversed  in  the  magnetic  meridian.    The  moveable  limb 

was 


•  The  remarks  subjoined  to  No.  2.  of  the  succeeding  ^propositions  pcrint  out 
the  method  of  finding  the  dip,  and  show  what  precautions  are  necessary  to  be 
used  to  insure  accuracy  in  the  result 
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W&8  usually  directed  towisirds  the  north.  Four  blu^  were  prin- 
cipally made  use  of.  ^  No.  1.,  consisting  of  a  piece  of  iron* 
wire,  softened  by  heating,  a  quarter  of  an  inch  in  diameter, 
and  six  and  a  half  inches  long*  No.  2.,  another  piece  of  wire, 
of  two-tenths  of  an  indi  diameter.  No.  3.,  a  cylindrical  bar 
of  htirdened  steel  magnetised,  of  the  same  dimensions  hb  No.  1. 
And,  No.  4.  a  similar  piece  of  steel  softened  by  heating  to  red- 
ness. With  these,  and  the  instrument  already  described,  a 
great  number  of  experim^otts  were  made ;  the  results  of  which, 
in  the  form  of  propositions,  are  awiexed ;  and  as  almost  every 
experiment  was  repeat^  a  number  of  times,  I  can  give  the  re* 
suits  with  the  utmost  confidence.  What  is  called  the  Magne^ 
tic  Axis  in  the  following  propositions,  is  to  be  understood  as 
the  position  pointed  out  by  the  dipping  needle ;  die  Magnetic 
Meridian  is  a  vertical  plane  in  the  line  of  the  magnetic  north 
and  south ;  and  the  Magnetic  Equator  is  an  oblique  plane,  to 
which  the  magnetic  axis  is  perpendicular 

PROPOSITIONS,  ^c. 

1.  Iron  bars  become  magnetical  by  position,  excepting  when 
placed  in  the  plane  of  the  magnetic  equator ;  the  upper  end, 
as  regards  the  position  of  the  magnetic  equator,  becoming  a 
south  pole,  and  the  lower  Extremity  a  north  pole. 

Experiment  1. — Bar  No.  1.  placed  in  the  groove  of  the  moveable 
limb,  with  the  compass  [H]  at  the  distance  of  1^  inches  from  its 
extremity,  and  the  instrument  north  and  south,  (as  in  Fig^  3.) 
did  not  disturb  the  needle  at  the  angle  of  20"" ;  hut  raised  to  ati 
angle  of  46^,  it  repelled  the  north  end  of  the  needle  one  point, 
[ll"*  15'],  and  at  an  angle  of  78**  two  pomts«  The  north  end  of 
the  plate  heing  depressed  S5^  below  the  horizontal,  the  bar  in^ 
stantly  exhibited  an  attraction  of  one  point  Though  the  bar 
Was  then  changed  end  for  end,  still  the  same  results  were  ot>tained( 
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Exp.  2.— 'A  bar  of  cast  iron  of  the  same  nuig»iiKde  was  found  to  pos- 
sess much  less  magnetism  of  position  than  the  above.  With  the 
compass  1^  iiicbes  from  the  end  of  the  bar^  No.  1.,  produced  a 
deflection  of  \\\  vrhen  elevated  29*  above  the  plane  of  no-attrac- 
tion :  while  the  bar  of  cast  iron,  th<mgh  of  a  iloft  kind,  required  to 
be  elevated  GS"*  above  the  plane  of  no-attraction,  befcare  an  equal 
repulsion  was  produced.  When  the  bar  No.  1.,  was  raised  to  the 
angle  of  GS""  above  the  plane  of  no-attraction,  it  repelled  the  com- 
pass-needle 27*. 

Exp.  3.-*— Iron-bars  of  similar  thickness,  but  of  unequal  lengths,  were 
found  to  possess  different  capacities  for  magpietism  of  position. 
Thus  a  bar  one-four^  of  an  inch  in  diameter,  and  nine  inches 
long,  elevated  70*,  caused  a  deflection  in  the  compass-needle  of 
23*  45' ;  the  same  reduced  to  6^  inches  long,  then  repelled  the 
needle  18* ;  and  a  portion  of  the  same  2^  inches  long,  only  repel- 
led the  needle  7*  30'. 

%  No  attraction  or  repulsion  appears  between  a  magnetised 
ne^le  and  iron-bars ;  the  latter  being  free  from  permanent 
magnetism^  whenever  the  iron  is  in  the  plane  of  the  magnetic 
equator ;  consequently  by  measuring  the  angle  of  no-attrac- 
tion, in  a  bar  placed  north  and  south,  we  discover  the  magne- 
tic dip. 

Eoop. — With  one  end  of  the  bar  No.  1.  compass  2|  inches  distant, 
the  elevation  of  the  plane  of  no  attraction,  at  Liverpool^  was  20^, 
with  the  other  end  of  the  bar  17^'' ;  the  mean  or  co-dip  \%\'' ;  dip 
71'i.  On  the  coast  of  Greenland,  in  July  kst.  Latitude  70"  Sfr, 
Longitude  IT"  SO'  W.  the  mean  angle  of  no  attraction  was  14% 
making  the  magnetic  dip  76^ 

Remark. — ^For  the  purpose  of  making  use  of  this  instrument  for 
finding  the  dip,  it  is  necessary  to  employ  a  very  small  needle,  in 
comparison  of  the  bar  of  iron,  and  to  place  the  needle  as  far  distant 
as  it  will  conveniently  act ;  otherwise  the  magnetism  infiised  into 
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the  bar  by  the  needle,  wiU  be  mistaken  for  the  magnetism  of  por- 
tion, and  give  an  erroneous  result.  Thus,  in  the  jureceding  ex- 
amples of  dip,  the  needle  in  use  being  too  large  and  powerfiil,  the 
results,  especially  the  latter,  are  probaUy  a  little  too  low.  The 
nature  of  this  error  will  more  particularly  appear  from  the  next 
proposition. 

Note. — When  a  sufficiently  small  needle  is  Hot  at  hand»  the  amount 
of  error  in  the  observed  dip,  occasioned  by  the  magnetic  influence 
of  the  needle  on  the  bar,  may,  in  all  cases,  be  determined  by  ex- 
periment. For  we  know  that  the  plane  of  the  magnetic  equator 
coincides  with  a  true  horizontal  plane,  in  an  east  and  west  magne- 
tic line,  consequently,  when  the  instrument  is  placed  east  and 
west,  the  plane  of  no-attraction  should  be  horizontal.  But,  if  the 
instrument  be  placed  in  this  position,  with  the  compass-needle  at 
right  angles  to  the  end  of  the  bar,  as  in  Figure  2.  it  is  found  that 
the  infusion  of  magnetism  from  the  needle  makes  the  plane  of  no^ 
attraction  something  above  the  horizontal.  This  angle,  measured 
from  the  plane  of  the  magnetic  equator,  (instrument  E.  and  W.) 
is  the  correction  to  be  applied  to  the  co-dip,  observed  with  the 
compass-needle  at  the  satne  distance  from  the  end  of  the  bar,  with 
the  instrument  N.  and  S.,  as  in  Figure  3.  Thus,  with  the  instru- 
ment N.  and  S.,  and  the  north-pole  of  the  compass-needle  eight- 
tenths  of  an  inch  from  the  end  of  the  bar  No.  I.,  the  mean  angle 
of  no-attraction  was  26*;  and  with  the  instrument  E.  and  W., 
compass  same  distance,  the  angle  of  no-attraction  was  T  30  above 
the  horizontal.  Now,  were  the  magnetic  dip  90^,  this  would  be  the 
correction  to  be  made  use  of;  but  as,  in  the  present  dip,  the  moveable 
plate  of  the  instrument,  vrhen  E.  and  W.,  traverses  obliquely  to  the 
magnetic  equator,  while  in  the  N.  and  S.  direction  it  moves  perpen- 
dicularly to  it,  the  observed  correction  must  be  reduced,  so  as  to 
give  the  angle  formed  with  the  magnetic  equator.  In  this  opera- 
tion, radius  is  to  the  sine  of  the  dip,  as  sine  of  the  observed  cor- 
rection (or  angle  of  no-attraction  with  the  instrument  £.  and  W.) 
to  sine  of  the  true  correction,  to  be  applied  to  the  co-dip»  observed 
with  the  instrument  N.  and  S.    Hence  the  above  observed  error 
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of  T9V  thus  rc^luced,  callmg  lihe'dip  7r  SlV,  gives  the  trae  cor- 
rection T  6\  This  suhtracted  from  26%  the  ohserved  co-dip,  leaves 
18^54^  for  the  inclination  of  the  magnetic  equator,  which,  I  he- 
lieve,  is  not  ^eatly  wide  of  the  truth. 

8.  Before  a  magnet  can  attract  iron,  that  is  totally  free  from 
both  permanent  magnetism  and  that  of  position,  it  infuses  in<- 
to  the  iron  a  magnetism  of  contrary  polarity  to  that  of  the  at- 
tracting pole. 

Eap.  1.— Bar  No.  1.,  with  the  compass  half  an  inch  from  it,  had  no 
attraction  or  repulsion  when  the  har  was  at  a  mean  angle  of  SS^"" ; 
the  same  har,  with  the  compass  at  ^ths  of  an  inch  d]3taQce,  gave 
the  mean  angle  of  no  attraction  27^'';  at  1^^  inches  distance,  24'' ; 
at  2^  inches,  ZO^"* ;  and  at  S^  inches  distance,  the  mean  angle 
of  no  attraction  was  19i%  This  change,  in  the  angle  of  no  attrac- 
tion, with  the  distance,  evidently  shews  that  some  magnetism  of 
position  was  necessary  to  counteract  the  magnetism  communicated 
hy  the  needle,  which  was  considerahle  when  very  near,  hut  became 
scarcely  sensible  at  the  distance  of  two  or  three  inches. 

JEj^.  2. — To  prove  that  the  magnetic  needle,  at  short  distances, 
comunicates  magnetism  to  the  bar,  until  it  is  balanced  by  the 

'  magnetism  of  podtion,  I  placed  the  compass  1^  inches  from  the 
bar  No.  1.  and  found  the  mean  angle  of  no  attracticm  to  be  24^; 
then  placing  another  small  needle  at  the  same  distance  from  the 
bar,  with  its  north  pole  abreast  of  the  north  extremity  of  the  bar, 
I  found  the  angle  of  no  attraction  changed  to  20^^  In  this  case, 
magnetism  was  communicated  by  the  needle  to  the  north  extremi- 
ty of  the  bar,  and  the  same  polarity  by  the  other  needle  to  the 
south  endof  the  bar,  so  as  to  counteract  the  influence  of  each  other; 
hence,  had  the  magnetic  power  of  both  needles  been  the  same,  the 
bar  would  have  been  freed  from  all  communicated  magnetism  but 
that  of  position,  and  would  have  pointed  out  the  true  line  of  no 
attraction. 
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4.  A  bar  of  soft  iron,  held  in  any  position,  except  in  the 
plime  of  the  magnetic  equator,  may  be  rendered  maghetical  by 
a  blow  with  a  hammer,  or  other  hard  substance ;  in  such  cases^ 
the  magnetism  o£  position  seems  to  be  fixed  in  it^  so  as  to  give 
it  a  permanent  polarity, 

£!a;jf.  l.-^Bar  No.  1.  freed  fropnnagpetism»  and  |ield  pq-pendicularly 
in  the  hand,  was  struck  a  smart  blow  over  the  upper  end  with  a  smaU 
hammer ;  though  it  had  previously  evinced  no  attraction  for  the 
compass-needle  1^  inch  distant,  when  the  elevation  of  the  move- 
able plate  was  21j^\  the  upper  end  of  it  now  attracted  the  north 
pole  of  the  needle  upwards  of  a  point,  at  the  same  angle  of  eleva- 
tion.   The  lower  end  (^  the  bar  produced  an  equal  repulsion. 

EiJcp^  2, — The  same  bar  was  now  inverted,  held  as  before,  and  a  blow 
again  struck  on  the  upper  end.  The  poles  of  the  bar  were  found 
to  be  reversed ;  that  which  was  before  north  had  become  a  south 
pole.  

Ea^.  3. — Many  more  experiments  were  made  on  the  effect,  of  blowi^ 
from  which  it  appeared,  that  when  the  iron  was  held  in  or  near 
the  position  of  the  magnetic  axis,  a  blow  on  any  part  of  the  bar, 
struck  in  any  direction,  or  with  any  hard  substance^  saeh  as  a  ham- 
mer, a  piece  of  copper,  brass,  or  ivory,  or  even  with  a  bit  of  wood, 
invariably  rendered  the  bar  magnetieal,  the  ui^>er  end  becoming  a 
south,  and  the  lower  end  a  north  pole.  In  these  experiments,  the 
iron,  when  struck,  was  held  nearly  vertical  in  the  hand,  without 
resting  on  any  thing ;  yet  both  endls  seemed  to  acquire  an  equal 
degree  of  magnetism. 

Remark. — The  fixing  of  the  mi^etism  of  position  in  vcon.Gr  sted 
by  hammering,  may  be  employed  with  advantage  in  the  experip- 
ment  of  producing  a  magnet>  with  the  use  only  of  unmagnetised 
bars  of  steel  and  two  rods  of  iron.  For  in  the  commencement,  the 
bars  of  iron  and  steel  may  have  permanent  pdarity  g^ven  them  by 
hammering  in  a  vertical  poation,  by  which  the  process  will  be  con- 
siderably shortened.. 
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5.  An  iron-bar,  with  permanent  polarity,  when  placed  any- 
where in  the  plane  of  the  magnetic  equator,  may  be  deprived 
of  its  magnetism  by  a  blow. 

JEccp. — Many  experiments  were  made  on  the  effect  of  blows  on  iron 
in  this  position :  the  result  was  always  to  diminish  the  polarity, 
and  generally  whdly  to  destroy  it.  It  commonly  happens,  that  a 
single  blow  with  a  hammer  is  sufficient  for  destroying  the  magne- 
tism of  the  bar ;  but  if  it  have  been  strongly  touched  with  a  mag- 
net, it  may  require  two  or  three  blows  at  eadbi  end. 

Remark. — For  fireeing  iron  of  magnetism,  it  is  generally  recommend- 
ed to  heat  it  to  redness,  and  allow  it  to  cool  in  an  east  and  west 
position  ;  but  as  this  process  oxidizes  the  metal^  and  is  attended 
with  loss  of  time,  the  action  of  the  stroke  of  a  hammer  is  certainly 
preferable,  and  is  much  more  effectual.  Where  there  is  no  proper 
instrument  for  ascertaining  the  elevation  of  the  magnetic  equator, 
along  its  north  and  south  axis,  the  effect  <^  blows  on  the  magne- 
tism of  iron,  may  be  shewn  with  toleraUe  precision  by  a  common 
pocket  compass,  or  other  small  magnetic  needle.  Place  the  com- 
pass OH  i|  taUb,  whose  sur£Ei(e  is  pretty  nearly  h<»izontal,  with  the 
needle'comeqionding  to  the  direction  of  the  north  and  south  line 
of  the  graduated  plate,  where  theie  is  no  card ;  and  then  place  the 
iron,  the  magnetism  of  which  is  to  be  determined,  on  the  table,  at 
right  angles  to  the  north  extremity  of  the  needle,  and  an  inch  or 
two  distant  from  it,  in  an  east  and  west  position,  marking  its  si- 
tuation, either  by  a  Une  drawn  on  the  taUe,  or  by  two  brass  pins. 
The  iron  being  now  in  the  plane  of  the  magnetic  equator,  will 
produce  no  derangement  in  the  needle,  if  it  he  free  from  perma- 
nent magnetism ;  but  after  being  hammered  in  the  magnetic  axis, 
on  being^  brought  to  the  same  position  sgaia,  with  r^;ard  to  the 
compass,  the  end  of  the  bar  that  was  upward  during  the  hammer- 
ing, will  be  found  to  attract  the  north  end  of  the  compass-needle : 
If  hammered  again»  when  laid  horimntally^  and  pointing  east  and 
west,  its  magnetism  will  be  annihilated. 
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6.  Iron  is  rendered  magnetical  if  scowered  or'filed;  bent  or 
twisted,  when  in  the  position  of  the  magnetic  axis,  or  n^r  this 
position ;  the  upper  end  becoming  a  south  pole,  and  th^Jpwer^ 
end  a  north  pole ;  but  the  magnetism  is  destro^^ed  by  the  same 
means,  if  the  bar  be  held  in  the  plane  of  the  magnetic  equa- 
tor. 

Eoop. — ^Numerous  experiments  were  made  on  the  eflfect  of  thecte  diffe- 
rent kinds  of  treatment :  the  result,  though  varying  a  little  as  to 
the  intensity  of  the  magnetism  produced,  was  always  the  same  as  to 
its  quality.  Any  kind  of  shock,  it  seems,  is  sufficient  to  render  iron 
magnetic  A  bar  [No.  1.]  dropped  on  its  end  from  the  height 
of  three  i&eX  on  a  carpet,  became  sensibly  magnetic ;  and  dropped 
on  a  stone  rec^ved  strong  polarity,  the  lower  end  in  each  case  be- 
coming a  north  pole :  the  same  bar  then  dropped  horizontally  on 
the  floor,  in  an  east  and  west  line,  so  as  to  strike  the  ground  in  the 
]^ane  of  the  ma^etic  equator,  was  immediately  deprived  of  its  po- 
larity. 

7.  Iron  heated  to  redness,  and  quenched  in  water,  in  a  ver* 
tical  position,  becomes  magnetic ;  the  upper  end  gaining  south 
polarity,  and  the  lower  end  north. 

Exp. — ^Bar,  No.  8.  after  being  deprived  of  all  magnetic  virtue,  was 
heated  red-hot,  and  quendied  in  water,  in  a  vertical  position.  The 
lower  end  was  then  found  to  repel  the  needle  of  the  iujrtrument^ 
when  the  moveable  plate  was  in  the  plane  of  the  ;magnetic  equator, 
8*;  the  upp^  eiid  attracted  it  about  the  same  quantity. 

8.  Hot  iron  receives  more  magnetism  of  position  than  the 
same  when  cold. 

Exp. — ^The  contrary  of  this  has,  I  think,  been  generally  assumed. 
The  experiments,  however,  wfere  most  decisive.  An  iron-bar.  No.  2. 
in  a  vertical  position,  at  right  angles  to  the  north  end  of  the  needle, 
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and  I7  inches  distant,  produced  a  deflection  of  27^^  The  same 
heated  to  redness,  and  then  presented  in  the  same  position  as  be- 
fore, produced  a  deflection  of  60^  On  repeating  the  experiment 
with  the  bar  a  little  nearer  to  the  compass,  the  mean  deflection  of 
both  ends  of  the  bar  was  15^  when  cold ;  but  when  heated  ted-hot, 
the  mean  repulsion  was  7T. 

Remark. — On  trying  the  eflfect  of  heat  on  a  magnet  [bar  No.  8.] 
its  power  was  foimd  to  be  permanently  weakened  by  heating  to 
300"  or  400"* ;  but,  from  several  expmments,  it  appeared  that  the 

.  magnet  atttacted  and  repelled  as  much  when  hot  as  cold. 

9/  A  bar-magnet,  if  hammered  when  in  a  vertical  position, 
or  in  the  position  of  the  magnetic  axis,  has  ita  power  increa- 
sed if  the  south  pole  be  upward,  and  loses  some  of  its  magne- 
tisni  if  the  northend  be  upward 

EiVp. — ^The  compass  being  placed  at  the  distance  of  4^  inches  from 
the  south  end  of  the  magnetic  bar  No.  8.,  while  the  bar  was  laid 
on  the  moveable  plate  of  the  instrument,  at  an  angle  of  21^^  the 
needle  was  drawn  from  its  meridian  2Sr.  The  bar  being  then 
stmdc  ten  smart  blows  on  the  end  with  a  hammer,  south  pole  up- 
ward, its  attraction  was  found  to  be  increased  to  26'';  ten  more 
blows  increased  it  to  28'';  twenty  more  to  31'';  after  which 
there  was  little  diange  produced,  though  forty  more  blows  were 
strudc.  The  north  end  of  the  magnet  was  now  found  to  repel  the 
needle  17^^  On  striking  this  end,  while  held  in  the  hand,  north 
pole  up,  after  ten  blows  of  the  hanuner,  it  only  repelled  14'';  and 
the  south  end,  which  had  not  been  struck,  attracted  the  needle  S"* 
less  than  before. 

10.  A  bar  of  soft  steel,  without  magnetic  virtue,  has  its 
magnetism  of  position  fixed  in  it,  by  hammering  it  when  in  a 
vertical  position;  and  loses  its  magnetism  by  being  struck 
w|ien  in  the  plane  of  the  magnetic  equator, 
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Remark. — ^The  eflfect  produced  by  hammering  ixon,  oectm  also  in 
steel,  but  with  this  difference :  one  blow  is  generally  suffident  to 
change  the  pdies  of  iron,  that  has  bera  rendered  magnetic  by 
hammering,  or  to  deprire  it  of  magnetism  after  it  has  acquired 
pdarity ;  but  in  sted,  it  frequently  requires  two  or  diree  or  more 
strokes  of  the  hammer,  before  the  effect  be  fully  produced. 

11*  An  electrical  discharge,  made  to  paas  through  a  bar  ot 
iron,  ¥oid  of  magnetism,  when  nearly  in  the  position  of  the 
magnetic  axis,  renders  the  bar  magnetic ;  the  upper  ^nd  be* 
coming  a  south  pole,  and  the  lower  end  a  north  pole ;  but  the 
diacfaarge  does  not  produce  any  polarity,  if  the  iron  be  placed 
in  the  plane  of  the  magnetic  equator*  The  efiecta  appear  to 
be  the  sam6,  whether  the  discharge  be  knade  on  the  lower  or 
upper  end  of  the  bar,  or  whether  it  is  passed  longitudinally  or 
transversely  through  the  iron. 

Earp.  I. — ^Bar,  Na  It  freed  from  magnetism,  and  placed  in  the  posi- 
tion of  the  magnetic  axis,  received  the  shock  of  a  Leyden  jar,  on 
its  upper  end  from  the  positive  electricity,  by  whid^  it  was  render- 
ed magnetic,  the  lower  end  being  found  to  repel  the  north  pole 
of  the  compass  needle  of  the  magnetimeter^  about  3^  This 
experiment  varied  by  giving  the  shock  to  the  lower  end  of  the 
bar,  and  also  Iqr  passing  the  disdiaige  tnmsvorsdiy,  fixst  through 
the  upper  end,  and  then  through  the  lower  end,  still  gave  similar 
results,  the  lower  end  of  the  bar  in  each  case  repdliqg  the  north 
pole  of  the  needle  4''  or  5». 

lExp.t. — ^With  the  friendly  and  valuable  assistance  of  Dr  Traill, 
(with  whose  excellent  apparatus  all  the  electrical  experiments  were 
nuide,)  several  discharges  of  a  battery  of  sixteen  jars  were  passed 
tfm>ugh  the  iron-bar,  when  in  the  samo  poeitihon  and  circumstances 
as  an  the  last  experiments  (1.)  The  lower  end  of  the  bar  being 
omnected  with  the  outside  of  the  battery»  and  the  discharge  from 
the  inside  of  the  jars  being  made  on  the  upper  end,  the  magnetism 
acquired  was  such,  that  the  lower  end  of  the  bar  repelled  the 

needle. 
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ikitedi$r,  in  one  exp^riineiit  10%  aad  ia  anotjber  lA!*  or  J  $^  (2«)  The 
l»x,  £ceed  ficom  magnetisin.  and  the  shock  of  the  hattery  r^^ived 
on  the  lower  end  of  it^  it  repelled  the  needle  16^.  (3.)  A  disk 
charge  taken  from  the  outside,  of  the  jars^  the  lower  end  of  the  har 
being  connected  with  the  positive  electricity^  gave  a  repelling 
power  of  15*, 

JSxp.  3. — The  bar  was  now  placed  horizontally,  pointing  east  and 
west  by  the  compass,  consequently  in  the  magnetic  equator.  In 
this  position,  the  discharge  of  an  electrified  jar  sent  through  it, 
produced  no  magnetism  whatever,  and  the  effisct  of  the  battery 
was  scarcely  perceptible.  The  slight  deviation  of  the  needle,  in<- 
deed,  after  one  discharge  of  the  battery,  is  to  be  attributed  to  some 
aoddental  circumstanoe ;  probably  the  bar  was  not  accurately  in 
the  magnetic  equator. 

12.  A  bar  of  iron  possessing  some  magnetism^  has  its  pola* 
rity  diminished,  destroyed,  or  inverted,  if  an  electric  discharge 
be  passed  through  it,  when  it  is  nearly  in  the  position  of  the 
magnetic  axis,  provided  the  south  pole  of  the  bar  be  down- 
ward ;  while  its  magnetism  is  weakened  or  destroyed,  if  it  r^ 
cetiy^  the;  sbi)ck  wben>  m  thsi  plane,  of  the  magnetic  equator*; 

« JEivpi  I.-^The '  bar,  "Se.  IW  haying  midi  ^  magnetic  influence  as  to 
•^ptdtum  ii'd^tetiM'of  "die  eompim  10^,  waspJaced  in 

vtiifi^dirertiDtt^fitUeinuigneMaea]^  pik  inward.    A  ahoick 

fir^m  the  bakery  beuig'thw  passed  through  it»v  the  whole  of  its 
magnetism  w^a  &und.to  bedissipated^  ^  The  discbaigp  of  one  jar 
on  the  bar,  whenslightiy  magpetised^  with  its  north  pole  upward,, 
had  a  similar  effect;  only  in  some  instances,  the  magnetism, 
though  weakened*  was  not  wholljr  destroyed! 

Ea:p.  2. — ^The  bar  bdng  in  tiie  plane  of  the  magpetic  eqpator,  and 
having  such  polarity  as  to  produce  10^  deflection  of  the  needle,  had 
a  diarge  of  tiie  battery  passed  through  it,  by  which  its  power  on 
ti^e  needle  was  reduced  to  ST.  The  shock  of  a  single  jar,  produced 
in  some  d^;ree  a  similar  eflS^. 

13.  Iroi;i 
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13.  Iron  is  rendered  magnetical,  if  a  stream  of  the  dectric 
fluid  be  passed  through  it,  when  it  is  in  a  position  nearly  cor- 
responding with  that  of  the  magnetic  axis ;  but  no  effect  is 
produced,  when  the  iron  is  in  the  plane  of  the  magnetic  equa> 
tor. 

JEap.  1.— Bar,  No.  l.»  freed  from  magnetism,  and  placed  upright  in 
the  prime  conductor,  had  a  silent  stream  of  electricity  drawn  from 
it  by  Dr  Traill,  first  with  a  pointed  wire,  and  then  with  the 
point  of  a  cone  of  wood  In  both  cases  the  upper  end  became  a 
south  pole,  and  the  lower  end  repelled  the  needle  6^.  Sparks  drawn 
from  the  bar  by  a  piece  of  metal  answered  the  same  purpose. 

Eccp.  2.-^The  pime  conductor  beii^  turned  into  an  east  and  west 
position,  the  bar  was  introduced  into  an  orifice  in  the  end  of  it,  and 
consequently  obtained  the  position  of  the  magnetic  equator.  A 
stream  of  electricity  drawn  from  it  with  a  cone  of  wood,  or  with  a 
piece  of  metal,  did  not  render  it  at  all  magnetic 


M^ 


Some  experiments  of  a  similar  nature  to  those  which  are  gi- 
ven in  illustration  of  the  last  three  propositions,  were  attempt- 
ed with  a  galvanic  apparatus,  for  the  purpose  of  ascertaining 
whether  some  of  the  electro-magnetic  phenom^ia,  lately  ob- 
served by  Mr  Oersted,  be  not  referable  to  the  position  of  the 
iron  or  steel  made  use  of  in  his  experiments ;  but  the  power 
of  the  apparatus  I  employed,  though  sufficient  to  produce  stri* 
king  effects  on  the  position  of  a  compass  needle,  was  not  ca- 
pable of  magnetising  iron;  consequently  the  experiments 
made  with  it  did  not  prove  satisfactory. 

xvra. 
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XVIII.  Account  of  the  Establishment  of  a  Scientific  Prize  by  the 
late  Alexander  Keith,  Esq.  of  Dunottar.  In  a 
Letter  from  the  Trustees  to  5tr  Walter  Scott,  Bart. 
F.  R.  S.  £• 


('Read  December  18.  1820.  J 


Gentlemek, 

XT  is  no  doubt  already  known  to  you,  that  the  late  Alexan- 
der Keith,  Esq.  of  Dunottar,  bequeathed  the  sum  of  L.  1000 
for  the  purpose  of  promoting  the  interests  of  Science  in  Scot- 
land. Having  been  appointed  Trustees  for  the  Management 
of  this  Fund,'  we  have  endeavoured  to  appropriate  it  in  the 
most  advantageous  manner  for  the  advancement  of  Science ; 
and  we  have  the  satisfaction  of  stating,  that  the  plauiwhich  has 
been  adopted  met  with  the  special  approbation  of  Mr  Keith 
himself,  to  whom  it  was  communicated  previous  to  his  death. 

As  the  Royal  Society  of  Edinburgh  is  theprincipiEd  Scienti- 
fic Establishment  in  Scotland, 'we  hei^eby  ofiferto  its  President 
and  Coimcil  the  sum  of  L;  600 ;  the  principal  of  which  shall 
on  no  account  be  encroached  upon,  while  the  interest  shall 
form  a  Biennial  Prize  for  the  most  important  discoveries  in 
Science,  made  in  any  part  of  the  World,  but  communicated  by 
their  Author  to  the  Royal  Society,  and  published  for  the  first 
time  in  their  Transactions. 

VOL.  K.  p.  L  K  k  With 
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With  regard  to  the  form  in  which  this  Prize  is  to  be  ad- 
judged, we  beg  leave  to  suggest,  that  it  may  be  given  in  a 
Gold  Medal,  not  exceeding  15  guineas  in  value,,  together  with 
a  sum  of  Money,  or  a  Piece  of  Plate,  bearing  the  devices  and 
inscriptions  upon  the  Medal. 

If,  during  any  of  the  Biennial  Periods,  commencing  from 
Martinmas  1820,  no  discoveries  of  sufficient  importance  shall 
be  communicated  to  the  Society,  the  interest  of  the  Fund  may 
be  added  to  the  principal,  after  paying  the  incidental  expences 
incurred,  from  the  preparation  of  the  dies  and  other  causes. 

Leaving  all  other  arrangements  to  your  judgment  and  dis- 
cretion, we  have  only  to  express  the  hope,  that  this  Donation 
may  realize  the  Patriotic  Views  of  its  Founder,  and  contribute 
in  an  eminent  degree  to  advance  the  honour  and  interests  of 
our  native  Country.     We  have  the  honour  to  be^ 

Gentlemen, 

Your  most  obedient, 

Humble  Servants, 

Alx3^  Keith. 
J.  Keith. 
David  Brewstsiu 


Edinburgh, 
Dec.  4.  1820< 


.} 


To  Sir  Walter  Scott,  Bart  President,, 
and  the  other  Members  of  the  Council 
of  the  Royal  Society  of  Edinburgh. 


Resolved. 
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Resolved, 
That  the  President  and  Council  of  the  Royal  Society  of 
Edinburgh,  cannot  forget  the  zeal  with  which  their  late  vene- 
rable Associate,  Mr  Keith  of  Dunottar,  pursued  every  object 
that  could  forward  the  discovery  and  the  dissemination  of 
knowledge  :  and  they  receive  the  gift  whidi  has  been  announ- 
ced bj  his  Trustees,  under  the  conditions  prescribed,  with  sen- 
timents of  the  most  respectful  remembrance  and  gratitude,  and 
with  the  determination  that  the  intentions  of  Mr  Keith  shall 
be  fulfilled,  in  a  manner,  it  is  hoped,  whidi  will  do  equal  ho- 
nour to  his  Memory,  and  to  the  future  successful  Candidates 
for  the  distinction  of  the  Keith  Medals. 

Resolved  furtheb. 
That  this  resolution  be  transmitted  by  the  President  to  the 
Trustees  of  Mr  Keith,  and  that  these  Gentlemen  be  at  the 
same  time  requested,  to  accept  the  thanks  of  the  President 
and  Council,  for  the  trouble  they  have  so  obligingly  taken  on 
the  present  occasion. 

RoTAL  SocntTT  Hall,) 

Dec  18. 1820.        i  ^^ 
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-•-  ♦  *         .  ,  •  -       .  ^ 


-    ^"^'.'i  '  - ''4''*  GiisECKB^j tt R. S.  £tin.  M.R.  I.  Ai  Professor oTSlteea.       v 
:  V      2  •  w  **.:**'    ' '  ral<^y  to  t^  Jldyal  Dublin  Society,  qp3  M^ber  j^f  the 


*    /'''  *H*  '■<*  ^jRoyd  ^"Societies  of  Copenhagen,  UpsaL  &c.  &c.         .^,  v 
'.^  ^^^  V  ;*.!»#    *  '/Wcaflr'ifon7  4. 1814.)    t     4        '*     *"- 


<» 


.  *  V    ^'^^^  .f  ^Jj^^.lslan^,Xsf|  Plate  XY-lfc  is  situated  hi  front  rfa  bay .  *    ^. 
^  >  •  f  ♦  ^  sin^ilie  cbntinent  of  Greenlanc^  withiiu:JE)ayis'^rait9  known  by 
«^  ^  */  ^    Ot^i^W^  ^tjbidA  Bay^mhX(^  is  son^^times  called,  particmlasly  v 
1  '   "  ^;  *^  **iB  the.oid  Outch  c)iia^,  Sydoil  B^y.  '^is  nania  is  ^(Jpri|fed['J|*m  ^     ^/ 
'  ^  ^^^   i*/ ^^  ithmtese  curvature,  gcreCpM  by  itriiul&erable  islands,«nade  io. 
'  ^        -^ -  tCjB Cbi^nont bj^tke  sea:  Disko  Island  situatedin  69^  14'  ofN^  ^ 

"  >.  »  ;.^ ,  Ibillud^    xl^s  flUstant  froin  fhecWin^nt  towards  the  south  12  ^  ^ 
f  '  t-r^- .  N*^  *r  '  Geitnan-ftiilesy  fta-the  we*  And^iorth  it  is  surrounded  by  the 


^ 
v^ 


•'h.frOm-Fdtli^'^iaj^oif  j^p^  ttf^^kk^rhuk,^04^ame3  bj[ 

the  DufciB,  t)n  ^e  ^as^  is^  1(|^  Gdnnan  spiles.   ^      "^  """^ .      ^ 


Jtm  .  J  >jft?  jj^yS  of  this  bay,  tfce^f^^efS^l^^^^  ^^ 

**         .*^' ^  .>  <* -J,   opbosite  si4e  of  H,  riot  tli^  sraa^  .   /*""      >^ 

?    #-  ''    ^discovered;    On  quitting  the  sholre^hpwever^towiards  the  north*^^  -tj.-, 

**  '^  ^V^esame  fojimatiop  ocQurs^attheiskndbf^U^  ,     ,,    *  4 

kJSrS       ^     *W     '^IWand,  which  ts  ibrmedL of  besalL  with  immeo^e  beds  of  sand-  '  i    >jt^*-' i''  5^  .*' 

,1      p^  ^  ^*  ^  stone,  contatnmg  veins  of  brown  and  ^bitnmineufi  wood-coaL    ^^V^ it^^ 

^%       •^*  -r^        Two  corisiderable  islands  situated  beyond  the  FritH,  one  named    r*-'   ^^   .  ^^ 


'T  f    ,  /      .'  Ubekjehdte  or  l3nknovvn  Island,  and  the  otlier  Hajien  or  Hafe^^  ^•*^'/*  ,  |>^y/  ; 

A'  ^*      ^lan3^  belong  also  to  the  floetz-trap^  ,     ^  *   •  '^  :*     ^^  ^^^  ^    J^^    v,;<?s 


•^  t^ 


^  ^  •^These  islands^^l though  now  detacjied^all  apg^r  tcf  h^e  or?^*^   '  ^.  y  % 

*  ^    ,  fk  1g^"^^y  belonged  |p  the  same  mass,  and.to^iave  been^^i^.^^  -' ''-^^t  •, 

f  asundor  by  the  irnpetu6sity  of  the  sea,*  which^impe^Iecl  by'thfe^*^-^  ;i*     '  *:^^*  1 

^  '^,      ^winds  from  levery  quarter,  runs  with  ^"forc^  almos'ljbejtpndi  ^^^^^^  ;  '^ 

/^  k  -.belief.     Durinfj  such  &  tempest,*!  ha^  Q^self  seen  th©  iafe«i'«*^v*'' 

4^ 


^     ^  C*pe^ called  Svartenhuk,  the  floetz-tjap  is interi:upted,  either  by*   ^^J  \     ' 

*      4.  «^  ^"'  the.prilliitive  rjtcks,  or  by  an  immense  plab  covered, with  al-^   *    %^-^ .V<^    •«• 

^  W        ^  *^      ^vial  soik     Svartenhuic  i^  composed  of  a  granitic  rock,  wi^|i'%J#  •  ,^'^  ♦    ^ 

.  ^    r    "^  larffe  beds  of  micaceous^  schistus,  mixed  with  smdl  garnets-  ^     ^  :l 

i 

■1 


%#  5'      r  .  .  _   though  rarely,  mi^ed  with  gamete.  ,  Some  of- the' islands  VeV    *'  *"^«'  *.*' 

^*^  •  ^  "^^      '.  '    *•  covered  w^h  beds  of  the  flcetz  formaripn,  miticularly  Kaka'r-*- '^  "">'  '^  '  .>^  ' 
V  *     ^'      ,  •  *•     ,  soak,  the  largest '^*^  ^ii'* '"'^'-         .  *•     ^  i>   -  ^       *_»*«•       , 


of  the  group,.  "    •  ^  ..  <  ^> 


*  '    .    "^^  To^fie  n6fth  cff  it^%sJat;*  fieWo^^^  in  *^  >  'J;,  ^^^^  ^ 

'^  S  .       '' *  ^  Lat*'72f^-3K  the  .floetz-trap  jigAih -digap^e^^^^^^  .^,      ^^ 

'•j."-        *  ternatii>g  \yith  gneiss,  presefit  Jn§mseh'e8,''and  continue*!^    '     •.  ^       ^^      ^ 
,A      ^-1^.-  •*    L^t  73".  32',  at  the  islands' of  Otjiwrdlersoak  and'^Tessmrsak?     '^'^  z*'  *.  *"^    ' 
.   •'  i^'Near.Cspe  Nullok,  in  Sanckrson*s  Hope,  me  floetz-trap  again  ,  ;  ^ 


qj;ge  masses  of  colupinftr  basalt,  restSig^^bn  gnefss ;  ,  iw       ^ 
tlilipWe,  tlijare  isjio  failjior  appr«acli,  the  coun-^^        *^* 


^%r>   '<  ^    /  J^f  T;^  bift Jjeydod  tlili  pWe,  tlij^  *^*       J     '^     ** 

'^^'•'  .;        Vj.  **^*try*being  covered  by  the  Gl  eat  Cor  ea],Gl£ei  ^v  jSi^        ^ 

'^o  4     *^     *    *^  '*  ^IS^  dirfe'ctiQh  of  thft  y;ap-Vo(;Ics,  which  arp  here  spread  oyer  .         «%•  '^ 

>  A^  "^J^y      ,.;;such  m  ex^^t  of  country,  is  almost  entirely  similar,  being  ^  .4^.   v^ 

^  i^        t%^      :^*  ••   uearly^horizbrttal,  stretching  fro^n  sputh-wesf  to,  ^orth-east.      ^         .f  f^ 
*^     '^    'M^%     JThe  beds  of  ifrhicli  tijey  are  composed  are  oPa  vdVy  unequ^    *^    1^  -         '^ 
i     ^'^  ^^f    .  *"?»^  thicknek  :  tliose  of  basalt  >^re  most  prevalent.     Th^  hills  com*  ^         ^ 

'V*  V^  ^^4^    '^  poi^^^  of  gneiss  and  granite  aj^e  ftever  highly  elevated ;  and^th^     ^     tik     m 
-^>h/    \   •  ^<  ^VfloetE  rocks  are  placed  immediately  on  the  gheiss^whichjs  aU       ^  ^         l¥ 

^-^ftfefei'^^      ways  slightly  deapm  posed  upon  the  surface,  where  in  "con  tact 
-<  '  ^^rf^KJ^f^^^  .  with  the  trap.     The  prismatic  basalt  o£  this  district,  is  q^  that  *  4J|Fr  ♦^k 

^^  ^/T  ^'t^'/^*pccies  Sisting^^^  in   Germany  by  the  name  of  Basaltic 

'*^y5*/         >tjfeensJone,  f  Gri/7is/d?ia^^^  It  is  almost  pure,  but      '^  '^ 

r^    .♦  ilP.  V  . son* etimes  contains  a  few  detached  specks,  perhaps  cryslals  of    ..^  ^ 
^'  Jf    3£  H  fgfelsparr|.  1  found  only^in  one  plfice  some  small  gr^n*  of  augtte^   1^ 
*  >  '*-^  #     aad  of  h<irnblende.    The  massive  basalt,  pn  the  contrai;y,  giften  ^^^ 

9^  i    ^^,  ^  liecomei  araygdaloidaJf%y  the  small  globi^es  of  mesotype,  s£il-     % 
Ia^   /^  r^  ♦     ^^^*^^  ^^^'^^  quartz  which  it  contains.     It  occurs  very  generally 
i.         •5'-     W  "*  unflRrmoftL  ai>d  toudiinn"   the  nrimitive  rocks,  wliich  #is  verv. .    ^m.<  .^^        ^ 


vej^;   t|^ 


rocks    '  n^ 
%        ^'S*'   J^  of  Disko,  rests  also  alufays  immediately  on  the  primitive  rqcks^ 
^\         j^jif^In^eed,  J  never  found  it  in  any  othej  situation  jn  that  island*  ^^ 

.  ^  Vj^  ^^^.^iJ[t  appears  Jo  me  here  , necessary  to -mark  two  varieties  of 
^tJp^V*  thi^'ipck,  namely,  that  which  consists  almost  entirely  of  frag-'^' 


^ 


•f  j'^*'.*.i^' 
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'  *  jnd  alii^ost'friabll^  VTheHoSbe^p^^^mposfd^i^ 
^     'waolL^,  butr'more  coj^paq^  and  rf  gldBuW -pjeftes  q^  1|a|^t.  J 
When  these  globules  are  brokeiu  the  interior  i§t«ccap|ed  «by  V 
«r     geSdes  of*crfstallised  ipog||;i^]lite^  accompalfied  ^t^itH  .tapillary   i 
^mesotypo^  sQ^tiil^s^Q^comppse^         reduc^  to  pOwd^f  u^^^^^ 
wBich»stat«^t  is  knpwn  by  th^  qi^l^eof  Siuthy  Ze|^it&k    Thlise^  * 
are  the  only  miiib^  ^^foib^  ^  tl&  globulsj^b^alt.  Xhe'apo-^*   "^ 
pljjMte  I  frever  j^erve^Q^e  *othef'1rariety'^  trap-ttff,^n    — 
^   wn^h  I  di^overed  ^  simple^lnineral  whafccvfer,  exce]^  so\|^e 
. .       very  small  ^edQes^f  racUatSl  zeolitOt    I  sh^^lHlit&Uiig^sh  tkf 
^    '    %ie^  by  tb^  narii^  of  TmjK-tuff,  and  the  «th^Ijy  jihat  of  Basalt-    % 
\aff.    ThQ:^last  i^ears  to  Ae^  to  hejke  oldes^of^^e  tw<^  «na^    ] 
occurs,  wKerevtr  I  saw  it^  un^ei^lte  other.'    If  tllb^  ttrff  Ije  enr^ 
if.       tirely  abien^lhefa  'the  Anrorphous  Bpalt  occu^iiss  ^ts^ltmcf;^^,   ., 

and^])rit  rests  the  AmygglaLtid  tj^fflp(>aste  of  ^10c)3i%  ^idfre^^ 
^:^  dish^rown  colour.     ](||t^  is  the  am^gdaloid'jof  ^ia-^dblcKuf^ia^ 

whicS  the  grfiites£^niifaibeT  of  nJiaerals  cJbcurv'&ttch  Ob  stiH^t^^ .  #.  "'i 
i^       Hieso^pe,  qiiartz,  calcedonji^  anti'  igloit^^R?*  %x^psed>  io^ 

the  a^ion  of  the  vfeather,  tHfe  rotik  [b^cplfies  extreipqiy  flSgile*    ^  .^ 
atioialls  in  cftnchoidab  fragmentSi^^Umost  lik^.  b^^e?*  \t  #ccft4^ 
siogs^  particalarly  in^^piltig  sa^n,  by  reason  of  ite  Jpebl^  eo€  ^ 
hesipn,  immense  devastatiouir   BeQtQ^  the  effects' oC  the  s^i  ^ 
vere  i^stsjof  wmter,  it  falls  in'^jnig^  )|l4cks  into  theVaUbys,      " «" 
gj,    ^  when^the  basalt,  degriyed  of  it%  9U[^M|Et9  U  ^eqj^tat'ed  in  *  ^ 
^  •  'eftoMnou^  masses,  5nd  to^ucU  an  ext^t,  tfet  riveri^^6u^   ^  ^' 
^  ^>    im^ld«fl*^i#  their  coi^se^aiMli^e  wh^e«4aeighbour^^  #     v' 

"^iHind^r  water.     Over  thi^  amj|gcu|loid,\  a  mass  of  fen^gttifmu*  ^    < 
clay  occurs,  similar  to  "ijj^e  Eisenth^Q  of  th|^  Gernoya^^,^  yrhit\y^ 
approachesto'thf  jaspvyoxid^f  iron.  '-'This  is  a^ain  C9ve«^,   '* 
^  by  amorphous  basalt,  separated  from  columnar  bdlah^which «»    .^ 


*  % 


^ 


If^ 


4p 


>. 


•   # 


^M 


%  - 


^^*/ 


9^ 


4 


4c 


.it.O 


erysoft,,'; 
Qieiitsofi  ' 
f  hatelt  '' 

•'  .1 

pfed  -by* 
capillary » i, 
wd«;in  ;■ ' 
ThfaeV, 
leapo-'  •; 

)t  soW  , 
fishtlie' 

filSBlt-  »' 
V(),ID(I.-  , 

•L    * 

plaoe^'  ' 
•ared-"   ; 
our.  is  v^ 
tifti'tei,  '■>' 
sed  to». 
'ragile,',' 
iacca^.  ' 
)Ieco» . ' 
lies^'  ■'■ 
ilkji, ,, , 
ed  in'  'S 


o:  " 


% 


i» 


Infi    ., 


j  /^  Digitized  by  VnOOQ IC 


Wfh- 


.ii 


Digitized  by 


Google 


r 


•       ♦ 


'?•--;..  -.•  '^^ 


^^"'^;w:  *^' 


^^'  ^^*  •>    V"  'lisiiajly  formg/tlie'summits'^f  these  hills,  by -anottidr  seam  of 
^  r  /  -\  .  the  same  f&rB^Inons  subst^'ce,  of  »  brownish  colour.  '"^ 


i      ^Z^i  ^    ''        -col™"*'-    *^  crystals  of  felspar/  ^     .,/*.-    -    -^^    V^ 

'^^'^         '  *^  -"^       2.  *^  T        l^eddish-^own  ferrugiflbtts  ck^  ^   ^i:' '  ^  '*'         ^      ""     •  ^ 

^     '  ''*     ^-^V**       3,    -v'aiff!o^^i»»    Amorphous  basalt,  witK  geodd>of^iatel\ne8otyge/-  ^    1^  ^  v  ^* 

'  >•'      ^^     ^  4^-^  "V     M    ^        'j|p<lHi^hrnwn  ferruginous  cl^.  .  **  ,    ^      ^  ^<. 

--♦';.  ^    ^      5.    *^  Attjygdaioid.,  .    Jflcddish-brown  wackp,  contamifte  stAite,  m  *       '    >   ^^ 


*  ^r  '  •^•^     7.T.:  Granite,  with  gneiss. 


/? 


^^     All  the  .l]|^s0jt  of  Diskp  is  ms^netic.    That  fouiyl  iS.  the      ^ 
^^4^  /  mpi^  det^ated  situatbns  !s  most'so;  the  fall^'^masi^ies  dispersed 

''  J^^v    ^.^   around^|l«B  bas6  of  the  mountains  having  m^rotpowear^over  ^e '^ 
X**^""  **  needle  than  the  others.  '    .         ^'^     -         >    4 

-^  **;^  ^  **  -  ThemSi^tainsofDisko&realmostallflatat the t(^,amiat^a 
V  #4^**  -^  .,  ^  di^Janc*  present  the  appearance  of  large  housesi  It  was  only  in 
H  ^\  \      tlift  l^ygat,  -and  |n  tlie  B^y  of  St  James,  (Omenak's  Fiord),  t^  ^ 

"  f    Jt^    ^^  ^mher^  I  observed  pyramjdAl  and  conical  summits-     Mannik,  a^i    .^  ^  *  ^t^ 
.^^**^  0-  /-   •'ifeountafla  in^^aj^A;,  (se^' Plate  XV  ^\:  * 

•^    *  ♦Vj^  1     m'erise.basalVo  Jiyrami^offoiit  sides.   On  the flummi(i1^(r,fl|[.'^^  ^ 

M  ^  ^  ^^*  ^  iribjintains  which  I  asclended,  I  foundf^  nunieroul  ft)Hed,.«i8^ssf  '  ^ 

^•"       .^""^  "        o£l  primitive  rocks,  often  of  considerable  size,,  and  of  a 'vi^ejighi.         t 
•^      ^      •    l^ejrorid  my  powel:  to  move.    These  masses  coixi&isted  either  of  % 
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*  ^^^      the  eglg0tf>f  thfe^ea,  by  W%ygat,  and  l^fcome,  very  con||fer-  .^'^    J!^J^*' 

/»  '^'*.     able  at  Kudli^F^Jfciereithe  stratij^^on  is  disposed  J^|k^    .'  **;«J  #»    '' 

■tKe  ^    following  arrtttigwient :         ,  'f     **  "        '  4r        •'^^Li^ 


r** 


^N''  -*    J     ^-^-l^.    ^**  tl 


<■.  4*  .  **     Sandstone,  qpmetiiiaes  with  globules  of  pyrites.**  '^  '-#*    '^Afj^ 

*i   *■::  ../'         Btowncoalf  ,.       .^    -  "^      •  .    »»         . '^ ' '^ 

*-;.'     «i       ^  Schistose  atedstoBc  •"'♦>.     r"  '  '^'" 


'  Pitch-coal.  *"     ^ .^^  '^A'  '     ' 


fv 
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^^;  ■  Argillaceous  jjfhistus. ;      ^*        ♦  *  *        #,♦        .-;  . 

'^iT,^    *  ^^        Brown  coal.  '^^  ^  ,     v  "  -*    '^^Q.'t*"?^  •'^•^ 

-     **>•  ^:^      >         '^^  ^   Sandstone,  with  vestiges  of  ^)Iami.  ^^*,*jKi    ^    ^ 

%       '^'    - — ^"^ — ^^-  .•-*  Vi^^V-^-''^'^^  ^^•^'^t   '• 

?>4S The  sandstone  is  very  light,  and  sbmetiraes  friable,  wliich  i^        ^^^^  #.•  v^^, 
^  0     also  the  case  with  the  clay-slate.     The  vegetable  impressions  ^/f*^.*" 

V    coal  is  about  9  feet  thick;  while  some  of  the  s^a^is^are^Jiot^^^^j^T.-    *' 
above  Tojf. 8  inches.    •  v      ^^. :        .  ?'"     '    '         '     ■***  ♦*' 


^' '^     ^  the  An<Jelica  archangelica.      The  most  considerable  bed  of  r' Z-^^    .> 


•,  ,  J    that  occur  in  the  lowest  bed,  seem  to  be  those  of  the  leaf  of   ^^^ 


i.  prevails 
V  \..  ^^^-^7     Hare  Islantl,  generally  known  on  account  of  the  grains  of  Anir    .  * 
^J^^  /iber  which  it,  con  tains,     Tlicre  it  occtii^  under  anj^rgillaceous        i* 

..^V-V  ».      f   V   .^^^    -      ..A'.  ;.   ^^  ^- Coarse congW^tc.^  **         '    ; 

^       *V       ^  .    ••  -     *^   f      ,   ^      ^^  ^  Arplkceoas^ivacke.  ^ 


Arg^kceods 


T  .«-*     '  A*>-?   ^         /    K.:       X*   ^       Brown  «^,wJth  amber,      l.       •  '^*    '  .  *.*'    '     *      •  .*S 

'    ^■'•^-'V*-'  *'^'»*  ♦.     :    -l?!    ^  Fine-grained  c(plomerate.  \  te  • ,.  .     ^^     -/        iik   ' 

•  *'^*^  '^  "  •  ^f       I  have  now^only  to  mention  the  Simple  Minerals  which  ac-  .  ..•  * 

^     ♦  *    ?^ '-'ifc  "T."    -company  the  floetz-trap  formation  of  this  country,  of  whiclxj^'"^  y       ♦  ^ 


1 


r 


^5*^ /J,       *  the  diiferent  memberg  of  the  familj  of  zeolite,  its  usual  com- 


•,^\^  •6^\^      •''  lised  in  rectangular  prisms,  truncated^  with  pyramids  of        ^^  ^ 


t^ ,.% 


\.,,''' 5-. .^::?!\''^>r*;four  planes*.       '^'     —    *  t'A >.^ ^V  S  "^"^ t^*    • 

^   *v^  •;    '..X      •  >  ^  \\'    > 4r--^^ \ ' ri7-r  c^ 

,"•/  *^-it  f  ^  '-i  '    ''*  Tjr  Brewster  has  examined  the  Gremlaffd  M^soiypCi  .and  lias  found  it  lo  sit^ii-    '^4A   ^ 

*  /!'*     ^.  *     A*  "C  nj>pntifpKf  diiforrat  mincrfil  froin  the  Auvertne  MesotVDe     In  Us  crvsraMme  '*.3t-^^>             ' 
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:   '/  ^  ';,'  ^^C- #  ^^     •      X  V     '*^  %eelilatitle»'  consider  as  the  hair  of  weV.%  ^  .    ^ 
-/;5y^^^v->\  their  magidfosj^U^.A^  '     :^* 


3.  CAaftVwie,— -crystallised  in  the  primiti^  rhottib.      \    ^     /  •  '•      ♦ 

6/ In  truncated  rhombs,  t.  ^  '     •  .    "  "'^  i^^f.i        .  . 

c^In-^macleB.  r         ^  ■**       *  ^  ^  -    i^^  *•  .  ^j^.  , 

•'^    '4.  Jn€^6W,--crystallised''m  the  form  i)ft^leucite»  ^^^'^  -^^^  ,   *    ^Jt    /' 
V    ^  5.  Compact  Zeolite^  ^afkiXe  and  r^dcT^TJ^s  minehtf  Qcciirs  te^    !    t*VV   - 

'*"   V,      .  cavities  and  veins  in  all  the  rocks  of  tlfe  flcetz^tfa^)  /for^  •*    - '"'^  *i*'^  .  "C 

^5     _    ^*^  ;^   -.  matjoq,  except  the  basalt-tuff.   ,  ^  7'       ^  *  *  viJ^'^- Z"^.'/  * 

^   ^    6.  -Jpopkyilite  or  Ichthyophthalme,  pccurs,     "^   ^v  ^  \  ^    *  *•;  *     "^     *  '^'^^ 
'     5.^  a.  In  prisms  perfectly  rectangular.*' ...         ^  *' ^   ^   .    •^     ***        "^ 

^  T?  6vAJ*^  ^^tJ^  the  solid  angles  TCfJikcedi'^    This  variety^'       .   \/*^  ' 
^-  was  mistaken  for  inesQl;ype,  and  deflt^ibed^^^  -   !    i        ^ 

t.  By  e  curious' arraJlgement  bT'the  [mrticles^  £he  crystah  -:*•*•  •;    *^^  ^V,      ^ 

«^         u  of  apophyllite  are  somethnes^cylindricalf  JtaAbeip^;.  ^     ly  -^^  r'-.t    ^ 

^  ^^^  '    -^    contrai^ted  at^e  extrcfmitl^,  present  C^  ?^    ,-   ^'^# 

',      *       ^  barrel  *.    Thl^y  alsQ  occor  aetimjiiat^  and'^diVejgii\^« ,  *^f  ^  .  *•»  '•.  ^ 

'^  X-  '     sonietin(^^^*thQ  forfa  of^a^ixJteJi.  *?fe'5e>%ct^- fiul^te,  /  v* *  \.  ^     ^ 

"'    ^    ^l^.l^phyilit^  oc^iftij"^*^^N^^  ;  '  ^  •  -  ^^^}  ^ 
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.        k       •    *♦  '*  "•       ♦!        '  * 

;       -      O.         -^^^  '        U     V  '^-  *  . 

^*  /    •"  'type^     Ndtwirakanding,'*in  Phroe  and  Iceland  it  is  * 

*  y  *  fyrnidi  ifi  wacj^e.  ^This  substance  formg  an  opaque 
A  ,       jelly  in  nitfic  aiedd,  frothing  up  and  exfoliating.    The 

:^     -apophjllite  also  occurs  jn  a  riidi%ted  fo^m,  sigiilar  to 

*  I     ^tilbite,  Jjut  with  a  more  biilliant  lustre,   and  pre- 

^  .senti!^jon  the  surfeee  a  crystallisation  similar  to  the 

--       '*.   cock'^comb  barytgs.       .  *  ^  '  ^  % "    * 

'^.  Qarbonufe  of  Lime  occurs  in  aU^he  rdfks  ofihis  formation, 

;    .  *-  in  caviti^  andVeins,  of  a  greyish^white  colour,  some- 

*  ,,    '  time!^  massive,  sometime?  crystaHisdd  in  rnombs,  also  tr 
f   *  -       'T       '  in.pyran^ids  of  ttiree  and  six  planefl^,  and  in  prisms  of  si^  *   . 

'  '  *■   .  .        planes.  ♦!  have  found  it  also  crystallised  iiji  nearly  perfect  ^  ^ 

*  >.,  *     .,        cubes/' 
;     ,      %*9.  J^fot7e,4;lie  Arragonite.  of  Hauy,  anTi'Hard  Calcareous-SJmr  :: 

,         **  .  «   of*  BouRNON,*occurs  fibrous,  radiated^  and  crystallised  in 

*  *         *  /     pyramids- of  three  planes;  also  in  curvilinear  prisrns  of  *" 
*^  i  % , ,  -  .       "^  six  plants^  terminating  by  degrees  in  •pyraniids. 

**10.  Radiated  and  eonclesptric  globular  mineral,  of  a  yellowish^. 
^^  ^  green  cglpur,  whic^  t  take  to  be  WavelUCt.  ^ 

IH  Compact  Quartz^  »bacillairey  and  crystallised  in  prisms,  in 
ji     ,    ..    •  '     ^        *   gaodea.  '^^      -     '  ^. 

li;^*;,  .     li.      /^    *    Iz.  Paicedony^  massive,  and  ^ery  rarely  in  cubjs.      Quartz 
"  ..     ^  ^^d  calcedony  occur  in  all  the  rocks.       * 

|i         '      ,  .'13.  />pd/,  Cgmmqn^  in  veins  and  cavities,  white  and  yellow,         „/ / 

-     particularly  in  basalt.  '  * 

^  -,  ;.    '^     '^  CereoUtCf  a  mineral  of  a  yellowish,  brownish,  and  greenish 

^   p  '     colour,  very  similar  to  compact  lithomarge. 

15.  Chreen  Earthy  lining  cavities,  and,  soxoetimes  fillin^ge^es. 

16.  -He/io^rope,  in*geodes  and  veins  in  basalt..  .,  *  ^ 
*                 .      l*^'  ^gate  ifi  geodes  in  basalt.                              .  *  * 

18.  Felsj^ar  in  smalt  crystals,  constituting  the  basakic-por-  ^ 

phyry  and  porphyry-slalk.  *- 
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i^The  Primitive  Rocks,  wh^h  consfltflte^me  stoaU  Islijindl  on  ^'X»'-    '*  ^>.' 
th^  southt'sidei|if  Disko,  areV«ry  rarely  accompanied  V'th  t^  ^n^^'  <,  .^  "^  ^^  * 
*  *^   '  of^^e  simple  mineral^. .  The  Felspar'of.thte  granite  somefJAiek'    «*''  "^      .  *  ' 
becomes  opalesceqjt;  the  granite  cd9itaina<bccasi6najly, conij^-    .  *^*^.^vL 
pact  and  prismatie  Epidbte,  also  Diall^^aqd  ^otirmalind||'^s^   t*f  f »  V  y***^ 
oikangek  itvBofmetimes^, but  very^ rarely,  cortUjpfs  ^ome.iciib^pSof    \^  ij»*  * 
Pyrites;  an**  in' one  place,  ^bserwed^Magrietic^lron^  in  no-^^v"^   j^.>"\^ 
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.  r       -  *  ^        :«^    «X.   Oil  /Ae  Nature. mdjsffistory  of  the  MarsK'" Poison.    By"^^ 
'  ^  '    .!**       .r ,  *   *^  "^    ^  William  Ferguson,  M.  D.  F.  1^  S.  E.  Inspector  of  Army- 

J    ■     "    •,?    ^^'*('      fe     ^         fiJeod January a^anciir^  182a;  ^* 


^  >  *         '  "^       •.  JiuW-this^paper  I  pf^ose  j^ubmitting  to  the  l^ciety  some  ob-« 
*•  ^  *     ^*8enj|tiio^9^-pii  the  nature  anU  history  of  the  Marsh  Poison, 
^         "      .^  '      ^*     v^ch^jxi:^^  the  titltoi  Marsh  M 
n    ^   't,         J<  ^    Jjpen  acthowledged  as  the  undisput^  source  9f  Intgii^ittent 
\  '^'-^^  ^  ,   "^^v      :^v^rsi;juld.  19  believed,^ with  good'  reasQn^Ho  be  the  exciting  ** 

^^  iT,  r,  *%'^^«i'    c3M8eHoiP  th^  .^iiJiidle  tribe  of  Jl^ittent  Fevers  j — of  Endemic,^ 
*>       J  A   ^-^even  \?i  f«clf,  in  ev^ry  ior6),  |«id  in.eY¥*y  part  9f  the  lyorld. 
\^  ^'^'^  1/ "^  /  .1    /^^.'All*  atftlwrs  "n^o  hi/^t  treated  of  di6^  nature  oi  this^Dois^n.  * 
(     "^1  ^     '^  •  ^    ^  (^^  *^^  ^^^  ni<^  nuqierous),  coincide'' in  ^ttribjiting  it^d^ 
**^"1'  •.  ^  let^rioi^  i^flu^ice  to  .the^agenc^  pf  vegetabfe  or  aqueous  pu-*  * 
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/  ^    ^  ''^     under  laoy  ^nsibte  or  discoverable  form,  is  not  esseCttial  to  the  .^  ' 

*    *^'  .  ^;*   jiroduj^kui  of  pestiferous  mia^m  'j*  *  ^  -      ;^     .       *• 
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the  most  frequent  and'  destructive  source  of  fever  to  the  hu^ 
man  race,  as  thaf  form  of  fever  to  which  it  gives  f$^,  rages  > 
throughout  the  world  wherevjer  a  marshy  surfi^ie  has  been  ex- 
posed for  a  sufficient  length  of  time4o  tiiB  action  of  a  powerful  ^ 
suil.     I  have  said* for  a  sufiicient  length  o^*  time;  because,  as  / 
will  presently  be  seen,  tKfe  marsh  must  cease  to  be  a  marsh,  ii^ 
tha  common  acceptation  of  the  word,  and  the  sensible  putre*  - 
.faction  of  water  and  vegetables  must  alike  be  impossible,  be^  .    ,• 

fore  its  surface  can  become  deleterious.     It  will  also  be  seen,    •  ,*    *   ^* 
that  a  healthy  condition  ""of  soil,  in  these  pestiferous  Vegifens,  is 
ififallibly  regained  by  the  restoration  of*the  marshy  surface  m  « ; 
its  utmost  vjgouir' of  vegetable  growth  and  decay.     The  pre- 
vious marshy  surface,  or  rather  the  previous  abundmce.  of  wa-  ' 
ter,  is,  however,  an  indispensaUe  requisite  prtljjninary,  in  jail      • '    . 
situations,  to  the  production  and  evolvem^nt  of  the  marsh  per- 
son.    A  short  review  of^  the  circumstances,  whichy  ujjdec^myj 
own  observation,  attended  our  armies  on  service  during  the      t 
last  War,  will,  I  hope,  reijder  thcjse  seemingly  paradoxical  opj-  ^  '    "\ 
'  nions  intelligible  to  the  Society.  '       *     .  '      « 

The  first  time  that  I  saw  Endemic  fever,  under  tJjeanter-^  \  ^ 
mittent  and  remittent  forms,  become  Epidemic  in  an  arniy, ,  V 
was  in  the  yjear  1794,  when,  after  a  very  hot^and  dry^Ssummer,  *^ 

our  troops^  in  the  month  of  August,  took  up  the  encampments  ^, 

oPRosendaal  and  Oosterhout,  in-  South. Holland.     The  dojl  in^ 

******    it  *"    *  jj^ 

both  places  was  a  levd  plain  of  sand,  wdth  perfectly  §Lry  Sur-  ^r 

-facef  where  no  vegetation  listed,  .or  couid  exist,  but  stunted  f"  "*••  \ 

,heath  plants*:  on  digging,  it  was  universaHy  found  to.  be  p^t^ 

colated  with  water  to  within  a  few  inches  q(  the  surface,  w'hich,      . 

/so  far  from  being  si  all  putrid,  was  perfectly  potable  in  all  the    - , 

welk  of  the  camp:     1  returned  to  Holland  in  the*year  1799,, 

with  the  army  under  tfie  command  of  the  Duke^<rf  York,^ 
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which  remained  the  whole  autumnal  season  in,  the  most  pesti- 
ferous portion  of  that  unhealthy  country,  without  its  suffering 
in  any  remarkable  degree  from  endemic  fever.  Dysentery 
was  almost  the  only  eerious  dieeftse.they  encountered.  Remit- 
tent fever  was  nearly  uaknown,  snA  intermittent  occtirjedv 
very  I'arely ;  but  the  preceding  summer  «ea^n  had  been  wefe  * 
apd  cold  to  an  unexampled  degree ;  during  the  whole  of  the  ''^ 

servicQ  we  had  constant  rains,  and  the  whole  country  was^one 
.  continuous  sw^m^p,  being  nearly  flooded  with  watdn     In  the 
yeai(  1810,  a  Britii^  atttiy  at,  Walcheren,  on  -a  sorl  ias  similar  as 
possible,  and  certainly  not  more  pestifiirous,  but  under  the  dif« 
^  -ferent  circumstances  of  a  hot  and  dry  priBceding  summer,  in- 

Tstead  of  a  wet 'and  cold  oiie,  suffered  from  the  endemic  fever 
of  the  country  to  a4egree  thai-was  nearly  unprecedented  in 
'\the  annals  of  warfere.  , 

As  I  intend,,  in  another  part  of  this  papec,  to  treat  fully  of 

the  nature  of  the  localities  in  the  West  Indies,  I  shall  pass 

.  /        over- at  preset  my  next  ei^perience  of  endemic  fever  during 

1  <  three  years  service  in  the  Island  of  .St  Domingo,  and  proceed 

to  state  what  I  obBerved'on  tins  subject  in  Portugal  and 

^pain :   In  the  course  of  the  Peninsular  War,  during  the 

.   ^       ^  autumnal  campaign  of  1808,  our  troops,  after  the  battle  of  Yi- 

^     "^     meira,  wer-e  comparatively  heidthy^    The  soil  of  the  province 

around  Lisbon,  where  they  w^^e  quartered,  is  a  very. healthy 

one,  (a  slight  covering  of  light  sand;^  soil  on  a  substratum  o£^  • 

liard  it)ck,  whicli  is  almost^  always  so  bare,, that  water  can  sel- 

»       -dam  be  absorbed  into  it  to  any  depth,  Jbut  is  held  up  4;o  speedy 

f  evaporation).    The  season  was  fhlly  as^hota  one^asi?  ordina- 

^  rily  Been  m  4;hat  country^  but.  dysentery  was  the  previuling 

t  ^^  disease.    Early  in  1809  the  army  advanced  to  Oporto,  for  the 

'  ^  ^  *  "-*  expulsion  of  the  French  ulndef  Marshall  Sqpx.T  ftom  Portugal 

/    which,  during  a  very  cold  and  w^  month.of^  May,  (for  that 

s  *      ,  r*^     '  '     *       f  ,  country,) 
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country,)  Chey  effected,  withdut  s^fferipg  any  dkteasetf  bu{  thtfr 
ordinary  ones  of  the  bivouac ;  and  in  June  advanced'again  to-  * 
wards  Spain  in  a  heakky  condition,  during  vety-  hot  weather. 
'  \^  The  army  was  still  tiealthy^  cei^tainly  without  endemic  fey^^ 

•  and  marching  throng  a  singularly  diry  rbdcy  country,  of  con*- , 
siderabjte  elevation,  on  the  confines  pf  Port»^.    The  \^ather  • . 
had  been  so  hot  for  sev^td  weeks  jEis  to  dry  up  the  moontain*  * 
^,         streams  i  wid  in  some  of  the  hilly  ravines,  that  had*  lately  been 
wateivcottr»^^  s^yeral  of  the  vegimepis  Code  up  their  bivouac,, ; 
^  for  the  $ake  of  being  near  the,  stagmnfe  ^oolff  of  water  that 

were  stilllefl  amongst  the  rocks.    The  Staff  OfBders^  who  haft 
J  .      served  in  the  Mediterraneto^  poijited  out  the  dangerous  na-  . 

^      .    ^        ti^re  of '«iuch  ao  encampment;  hut  as'  its  hnmedi$te  sk^t  . 
^  w         amcM)g^t[  dry:  rocks,  appeared;  to  )m  quiie  uiiexceptionable, 

apd  the  pools  *bf.\fater    in   the.  nei^hbourljood    ppcfectly^* 
,  \y,        pure.  It  was  not  changecL    Several  of  the;m^  were  seized 

"*  '  witji  violent  Remittent  fever  before  they  could  mi)ve  from  the 

bivoiiae  the  following  monaing ;  and  that  tyfe  of  fever^  the 
ifirst  that  had.  beea  seen  6n  thd  marchy  c^htinued  to  affect  thtit  ^ 
»  portion :gf<the  troeps  exdusiyely  §6i  a  tson^idia^Ie  time^    Till   ^ 

Ihen  ]£  had  always  been  believed  iamdngst  us,  that  vegetable 
putrefactioii  (the  humid  deca7^t>f  vegetables),  was  eSsenti^  to^ 
the  prodiK^h  of  pestiferous  miasmkta;  but^  in  theinstahce.  ^     '^    t    -/ 
of  the*  hal£*dirLed  ravine  hefoceiis,  fiom  the  stoniey  bed  df       •        ,  ^;\ 
which,  (as  soi^]l&v6r  couM  lie  fer  the  torrent^^  the  very  exist-  ,     v       . ^  >  "^ 
ence  even  of  vegejation  was  imposiible  j .  it  proved  as  {^stife-  ''  ,     ^    -  <    ? 
rous  as^  the; bed  of  a  fen.'    The  Atmy  advanced  to  Talavera'    _    a   .  :* -♦ 
4ihrbi^a:ve£y.d|KyocbiUi7,  and  ki;Uie  hottest  weather  Yought  .  .,.«.*' 
that  cdel^rikted.  battle,  ^»hidiWtofoiloWBdr  by. »  reirdat  int6  th^  r  .;.•   .  'At'  i  ♦ 
..s      ^plaitid  of  jgatvemadkira)  aldug  the  .oourse  oif  the  Guadiapa  river;    >       V>       ' 
at  a  thbefwhen.  th^  couhlry  was  ao^arid  and  'dry,  fer  Wiant  qi-; 
vmythpt)^^\GjUi^m  itself,  tuid  b]l  the  smaller  stiieivns,  had. 
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^"^  •  ^T^'  '^^  ij^  ^d;{VEMM?d  to  be  itream^^md  were  no  md^iyKaH^i^e^^ 
'^A*^/  *"$• '  '0cifid  pools  in  the  courses  that  had  formerfy  peen^  ri^cerS.  j-  and 


^ 
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♦<'f>KV'.»f*hew,jffief*suffered  from  remittent  fevers  of  suofi^^'trtictiite 
'  ,'<•  -    ^.toWigfiity,  that  the  enemy^  and  all  Europe  belipVjgdj  thftt  the - 
%    I  .    ''BrittSlh  flosf  was  extirpated;   and  the  superst^lioQs'liativeir^ 
•    ..     f*^l    jth^ugh  jickly  themaelvesi  unable  to  account  fep  disease  oihsuch  * 
'  \^  "^      ^i^""  tibcSithnpn^type  amongst  the  strangers,  declared  th^y  bact  ail^i     ** 
^ »     /  ^ .  V  ^^>'  b|Ngn  p(U9Qn6d  by  eatbg  the  mushrooms^  (a  species ^g^food  they^       ^  ^^.  ^ 

•     •    ' .  h?)l2f  in  abhorrence,)  which  sprung  up  after  *he  fitg^  autumnal 
^^  '^  ^'*-^^.  rairfs,  abbut  the  time  the  epidemic  had  attained  its  height.  ^ 

,ft  jp^ '  ,    ^    TEIeaiggl^avated  cases  of  the  disease  differed  little  or  nothing  ^^ 

I;  frera  ^e  l!iror%^eIfi>w  fever**of  Jhe  West  Indies  ;^and  in  all  ^    ?^ 


'•I 


>«^  3  the  subsequent  campaigps  of  ^e.  Peninsula,  the  same  results  ^ 

^r     .'^*.  :,^niforixily 'fiAlowed,  whenever,  during  the  hot  soasoos,  any 
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.  ^         ''portion  of^the  army  )v|s  o^ged  to  occupy  the  nrid  eBeamp> 
7. ;"    ment4^or£e  levcA  couatry,  which  at  all  other  times  were.iieal- 
Yv^  ?     ^•^  thyyvOr  at  least  unproductive  of  endi^ic  fi^er.         ^.^       '  >  *  *^ 

I        ^♦^  *>l^  To  flave  further  narrative,  I  shall  finish  this  part  bf  the  sj^b- ' 
^^*-    Jl^t,  by 'addudrig  ^   \ 

l^    ^  \.  V    ^  The  pare  hilly  country  near  Lisbon,  where  the  foundation 

•  ^i  /^  ^of  tl^p  soU,  and' of  the  bgds  of  the  streams  is  rock,  with  free  open 
.;-  ^.^  ^wat^-cj^urses  amongst  the  hills,  as  I  have  said^before,  is  a  very 

^^    f    "'    heiilthy  oaej  but .  th^  Alentejo  land,  on  the  othec^jside  of  j|he 
•*•  t^  *'  I.  *  ^agus,  thbugl\  as  dry  superficially,  bemg  perfectly  flat  and 

*  '      ^t'^^^sandy^  <s  dTs -muoh^  the  reverse  as  it  is  possible  to  conceive.  ^m 


fk 


«  ^'  s  Tl?p  b)readtn^of       river,  which  at  Lisbon  ddea  not  ^xceed  two 

'  xniiea,  js  tdl  >hat  i^parates  the  healthy  irotti  the, unhealthy  re-      ^    . 

*^     •*  gioii;  and  the  villages  or  hamlets  that  Save  been  placed  along  -^^ 

"^ .  ^  the  soilithem  bank^of  the Tagus,  for  the  ssHk^ of  thejiavigHtion, 

^^  ■  ^  aiip.iiiost  {)^estif«rous  abodes.    The  sickly  traak,?howevtr,  \% 

'  ndt  confined  to  the  imm^d^iitQ  shore  of*  the  riven    JSalvaterra;. 
^  '  -       *  '^•^  for 
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for  exam'ple,  4»Bte^  mile  ifflam},^  irf  Hvlwgc'vaiage,  ftiiar(^al    -  Vi^"!  / 
hunting  residence  iriftl^e  Alecttc^o,*  w|iibli  \x  always  'repute^id .     'z      *"-.  •     . 
be  v6ry.h€!altby  till  the  beg^niog  of  .tiie^4utumitiEil*^^aaofi^«%'  .'''-'■% 
wkexi  every  person,  wh&"  has  the  me&ns  or^^iaking  his  68c^%,  '...'**   ^    • 
^  flies  the  pUice.    In  th^ic^smga'stiddlis  i^nr,  the  tohfabiCants  ^e*.         \    ^ 
*  clare^ that  even  the  horsesapdothemmmalf  would bg  seized      r-*^ 
.-«iwitlf  fever  if  left  behind,  and  th^eforelhej  always  ^eipoVe  the'     -.  * , 

'^oyal  stud.     The  country  around  is  perfectly  open,  tUpu^  '  *  • 
very  low,  and  flooded  with  water  during  the  whole  x>f  the  r^njr 
season  ;  bat  at  the  time  of  the  periodical  "Sickness  it.is-alwfcys    *^      :  ^  ^  .^       d 
most  distressingly  dry ;  and  exactly  in  proportion  to,  the  p^  t  1 

vious  drought,  and  consequent  dimness  of  ^il^'  is  the  quantum  ^       . 

of  sickness.     I  have  visited  it  upon  these  occa^ionp,  and  found  r,  **     ^ 
it  the  napfit  parched  spot  I  ever  saw.    The  hooseft  of  the  mi-^  •       '      *.* 
serable  people  that  were  left  behii^  bei^  literallji^buried  in  ^ ;«  ^  . 

loose  dry  sand,  that  obstructed  the  doors  and  windows.    ,-  ^ 

Qividad  Rodrigo  affords/another  illustration  of  die  samel-  It  *'" 
is  situated  pn  a  rocky  bank  of  the  rivet  Agueda;  a.refViarkablju**  r -^ 
clear  stream*;  but  the  approach  to  it  on  the  side  of  Portugal  is        $'    *- 
througji  a  bare  open  h6llow  country,  that  has-been  likened  to  -  ♦  ^  '* 

the  dried  up  bed  of  an  extensive  lake  j  and  upon  more  tha*       t      ^       .. 
one  occasion,  when  this  low  land,  after  having  been  Hooded  in  -    '   *** 
the  rainy  season,  had  become  as  dry  as  a  brick-ground,  with  ^  ,\ 
the  vegetation  utterly  burned  up,  there  arose  fevers  to  our  ^ 

'    troops,  which  for  malignity  of  type  couldonly  be  nfiitehed  by^  ^      *  .     ' ' 
those  before  mentioned  on  the  Guadiana.      .  *  *    #  '     . 

At  the  town  o^  Cocea,  in  Spanish  EsttemadtiYl,  =not  v§ry     -      •> 
dissimilarly  situated^  on  the  banks  of  the  Alagon,(af*o;a.very 
pure  and  limpid  stream,)  our  troops  experienced  similar  re-  " 

suits  J.  with  thb  addition  clearly  demonstrated,  that  no  spot  of       ^     ' 
the  pestiferous  savannah  below  the  town,  wa*  so  much  to  be "     ^      --  ► 

dreaded  as  the  immediate  shores  of  the  river :  so  that  even  the 

#        .  running 
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Tunning  stream  itself^  which  in  all  other  countries  has  been 
esteemed  a  source  of  health,  and  delight  and  utility,  in  these 
malarious  latids  proved  only  an  addition  to  the  endemic  pesti- 
lence. It  is  difficult  to  conceive  any  thing  more  deceptious 
4lian  the  appearance  of  these  two  towns,  particularly  the  last, 
which  might  have  been  pitched  upon  hy  the  best  instructed 
medical  officer,  if  unacquainted  with  the  nature  of  Malaria,  as 
a  place  of  refuge  from  disease;  for  the  shores  of  the  river,  (it 
had  no  confining  banks,)  seemed  perfectly  dry,  and  there  was 
not  an  aquatic  weed,,  nor  a  speck,  nor  line  of  marsh,  to  be  seen 
within  miles  of  the  town,  nor  any  thing  but  dry,  bare,  and 
clean  savannah.  It  had,  however,  been  so  far  the  contrary  in 
all  past  times,  that  the  canons  and  ecclesiastics  of  its  ancient 
cathedral  had  a  dispensation  from  the  Pope,  of  no  less  than 
five  months  leave  of  absence,  to  avoid  the  Calentura,  ftheir 
name  for  the  endemic  fever).  In  tlie  other  ecclesiastical  resi- 
dences of  Estremadura,  the  same  dispensation  rarely  extended 
beyond  three  months,  but  almost  all  had  some  indulgence  of 
the  kind*  During  the  autumnal  season,  the  epidemic  prevail^ 
ed  so  generally  amongst  all  classes  of  inhabitants,  that  even 
infants  at  the  breast  were  afibcted  widi  it,  and  few  of  the  resi« 
dents  attained  to  any  thing  like  old  age.  The  oldest  person  I 
ever  saw  In  G>rea,  wha  was  a  priest,  that  had  often  taken  ad- 
vantage of  the  dispensation  for  leave  of  absence,  was  only  in 
his  57th  year,  and  he  appeared  like  a  man  past  70.  The  inha- 
bitants, nevertheless,  seemed  always  surprised  and  offended 
when  we  condolod  with  them  on  the  unhealthiness  of  their 
country,  which  they  would  not  admit  in  any  degree ;  for  with 
.them,.as«very  where  else,  vdiere  immemorial  experience  has 
shewn  that  it  is  impossible  to  avoid  a  calamity,  it  goes  for  no- 
thing.  They  contemplated  its  approach  with  the  same  indif- 
ference that  a  Turk  does  the  plague,  and  patiently  awaited  its 
VOL.  IX.  p.  II.  K  n  extinction 
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extinction  by  the  periodical  raiba  of  the  winter  setion)  not» 
however,  without  some  exultation,  and  8elf-c(mgntiilati(m,  on 
the  greater  omiparative  mojrtality  tbi^  occurred  amongst  the 
stranger  soldiers  than  amongst  themselyes* 

From  all  the  foregoing,  it  will  be  seen,^  that  in  the  most  un* 
healthy  parts  of  Spain,  we  may  in  vain,  towards  the  dose  of 
the  summer,  look  for  lakes,  marshes,  ditches,  pools,  or  even  ve* 
getation.  Spain,  generally  speaking,  is  then,  thou^  as  prolific 
of  endemic  fever  as  Walcheren,  beycmd  all  doidbt  <me  of  the 
driest  countries  in  Europe,  and  it  is  not  till  it  has  again  been 
^<  f  ^?  ^^^  made  one  of  the  wettest,  by  the  periodical  rains,  with  its  ve- 
getation and  aquatic  weeds  restored,  that  it  can  be  called  heal- 
thy, or  even  habitable,  with  any  degree  of  safety. 

During  the  years  1815,  1816,  and  1817, 1  was  employed  in 
making  a  topographical  health  survey  of  all  the  West  India 
colonies,  which  afforded  me  opportunities,  in  that  diversified, 
dang^ous,  and  active  climate,  of  improving  the  d>servations  I 
had  elsewhere  made  upon  pestiferous  miasmata,,  c^  a  kind  that 
I  could  scarcely  have  anticipated.^ 

It  might  there  be  seen,  that  the  same  rains  which  made  a 
deep  marshy  country  perfectly  healthy,  by  deluging  a  dry  well 
cleared  one,  where  there  was  any  considerable  d^th  of  soil, 
speedily  converted  it,  under  the  drying  process  of  a  vertical 
sun,  into  a  hot^bed  of  pestiferous  miasmata.  Thus,  in  the 
Island  of  St  l4ucia,  the  most  unwholesome  town  of  Cas- 
tries, at  the  bottom  of  the  Caren^ge,  which  is  altogether  em- 
bosqmed  in  a  deep  mangrove  fen,,  became  perfectly  hesdthy 
under  the  periodical  rains ;  while  .the  garrison,  on  the  Hill  of 
Morne  Fortune,  immediately  above  it,  within  half  cannon  shot, 
began  to  be  affected  with  remittent  fevers^  The  two  localities, 
within  this  short  distance  evidently  changed  places  ixi  respect 
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to  health.    The  top  and  sbouldera  of  the  hill  had  been  cleared  J< 

of  woodland  durmg  a  continutmce  of:  dry  weather^  thegarrU 
son  had  no  source  of  disease  within  itseU,  but^s  was  amply, 
though  but  temporarily. supplied,  as  soon  as  the  rains  had  sa* 
turated  the  soil  on  which  it  stood.  Thus  an  uncommonly 
rainy  season  at  Barbadoes,  seldom  &iledin  that  perfectly  dry 
and  well-cleared  country,  to  induce  fot  a  time  general  sick* 
ness ;.  while  at  Trinidad,-r-which  is  almost  all  swampyi  and  the 
centre  of  the  island  may  be  called  a  sea  of  swamp,  where  it 
always  rains  at  least  nine  months  in  the  year, — if  it  only  rain* 
od  eight,  or  if  at  any  time  there  was  a  cessiatioi^  of  the  preser* 
ving  rains,  the  worst  kind  of  remittent  fevers  were  sure  to 
make  their  appearance.  General  dryness  of  soil,  however,  is 
far  from  being  the  ordinary  characteristic  of  our  West  India 
colonies.  The  swamp  is  too  often  exposed  to  the  continued 
operation  of  a  tropical  sun,  and  its  approach  to  dryness  is  the 
harbinger  of  disease  and  death  to  the  inhabitants  in  its  vicini* 
ty.  On  the  whole,  it  may  truly  be  said,  that  although  exces* 
sive  rains  will  evidently  cause  the  acknowledged  wholesome 
tOid  unwholesome  soils  to  diange  plapes  £ar  a  timoi  in.  respect 
to  health)  a  year  of  stunted  vegetation,  through  dry  sevens, 
and  uncommon  drought,  is  infallibly  a  year  of  pestilence  to  the 
greater  part  of  the  West  India  colonies. 

In  some  other  respects,  the  history  of  Miasmata  in  these 
countries  was  curious  and  interesting.  Thus  at  the  town  of 
Point  au  Pitre,  Gkuulakmpe,  which  is  situated  ami^t  some  of 
the  most  putrid  marshes  in  the  world,  the  stench  of  which  is 
almost  never  absent  from  the  streets,  the  place  was  far  from 
being  tvniformly  unhealthy.  Strangers,  however  much  they 
might  be  annoyed  with  the  smell,  often  resorted  to  it  with  im* 
punity.  No  more  wed  its  first  out>post  fort  Louis,  where  the 
waters  are  so  stagnant  and  putrid,  that  it  is  even  more  often* 
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sive  than  Point  au  Pkre ;  but  at  Fort  Fleur  d*£pee,  the  far* 
thest  out^post,  at  the  extremity  of  the  marshes,  where  they 
approach  to  the  state  of  Terra  Firma,  where  little  or  no  water 
is  to  be  seen  on  the  surface,  and  no  smell  exists,  there  cfumot 
be  supposed  a  more  deadly  quarter^  and  all  white  troops  con* 
sidered  their  being  sent  there,  as  equivalent  to  a  sentence  of 
death.  It  ought  to  be  noted,  that  the  marshes  of  all  these 
three  posts  are  overgrown  with  the  thickest  underwoods,  and 
rankest  aquatic  vegetation  of  every  kind.  A  £euA  of  the  same 
kind  has  been  observed  in  the  Island  of  Tobago.  The  princi- 
pal fort  and  barrack  of  the  colony,  has  been  placed  immediate- 
ly to  leeward  of  the  Bacolette  swamp,  within  the  distance  of 
less  than  half  a  mile,  and  the  strong  ammoniacal  stench  of 
its  exhalations,  even  at  that  distance,  often  pollutes  the 
barracks;  but  these  are  so  far  from  producing  fever  at  all 
times,  that  when  I  visited  the  white  garrison  there,  they  had 
been  more  remarkably  exempt  from  that  form  of  disease,  for 
several  years,  than  any  other  troops  in  the  West  Indies.  I 
shall  not  multiply  facts  and  illustrations  of  the  same  kind,  to 
prove  that  putrefaction,  and  the  matter  of  disease,  are  altoge- 
ther distinct  and  independent  elements;  that  the  one  tra- 
vels beyond  the  other,  without  producmg  the  smallest  bad  ^- 
fect ;  and  that,  however  frequently  they  may  be  found  in  coni- 
pany,  they  have  no  necessary  connection ;  but  proceed  to  no- 
tice other  qualities  of  the  marsh  poison,  which,  until  under- 
stood,  prove  extremely  puzzling  to  the  obsegrver. 

In  selecting  situations  for  posts  and  barracks,  it  had  been 
observed  with  surprise,  that  the  border,  and  even  the  centre 
of  the  marsh,  proved  a  less  dangerous  quarter  than  the  neigh- 
bouring heights  of  the  purest  soil,  and  healthiest  temperature; 
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and  thia  has  never  been  more  strongly  exemplified  than  in  the 
instances  I  am  going  to  relate* 

Port  of  Spain,  Trinidad,  the  capital  of  the  island,  is  situated 
very  near  the  great  eastern  niarsh,  with  which  it  is  in  direct 
communication,  by  a  marginal  line  of  swamp  along  the  sea- 
shore. It  cannot  be  called  A  healthy  town,  but  it  is  very  far 
from  being  uninhabitable.  -  On  the  right  are  some  covering 
heights,  which  rise  out  of  the  marsh  at  one  extremity.  These, 
unlike  the  site  of  the  town,  which  has  been  built  on  marshy  or 
alluvial  ground,  are  composed  of  the  driest  and  most  healthy 
materials, — (pure  limestone,  the  purest  and  the  best  in  all  the 
West  Indies),  yet  have  they  proved  a  residence  deadly  and  de- 
structive in  the  greatest  degree  to  all  who  venture  to  inhabit 
any  part  of  their  diversified  surface.  No  place,  however  eleva- 
ted, or  sunk,  or  sheltered,  or  walled  in,  gives  security  against 
the  exhalations  from  below,  only  it  has  been  distinctly  ascer* 
tained,  that  these  prevail  with  more  or  less  malignity,  exactly 
in  proportion  to  the  elevation  of  the  dwelling.  The  lower, 
Consequently  the  nearer  the  marsh,  the  better.  The  tops  of 
the  ridges  are  uninhabitable.  On  the  highest  top,  at  an  ele- 
vation of  400  feet,  and  farther  removed  fi-om  the  marsh  than 
the  town  itself,  a  large  martello  tower  was  built  to  defend  the 
place.  It  possessed  a  fine  temperature,  but  proved  so  dan- 
gerous a  quarter,  that  it  was  obliged  to  be  abandoned.  Not 
even  a  creole  mulatto  Spaniard  could  sleep  in  it  with  impuni- 
ty for  a  single  night,  after  a  course  of  dry  weather. 

The  beautifiil  post  of  Prince  Rupert's,  in  the  Island  of  Do- 
minica, is  a  peninsula  which  comprehends  two  hills  of  a  re- 
markable fi^rm,  joined  to  the  main  land  by  a  flat,  and  very 
marshy  square  isthmus  to  windward,  of  about  three  quarters 
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of  a  mile  in  extent  *.  The  two  hills  jut  right  out  on  the  same 
line  into  the  sea,  bj  which  they  are  on  three  sides  encompas- 
sed. The  inner  hill,  of  a  slender  pyramidal  form,  rises  from  a 
narrow  base  nearly  perpendicular^  above  and  across  the  marsh, 
from  sea  to  sea,  to  the  height  of  400  feet,  so  as,  completely  to 
shut  it  out  &om  the  post.  Tlie  outer  hill  is  a  round^backed 
bluff  promohtory,  which  breaks  off  abruptly^  in  the  manner  of 
a  precipice,  above  the  sea.  Between  the  two  hills  runs  a  very 
narrow  dean  valley,  where  all  the  establishments  of  the  garri- 
son were  originally  placed ;  the  whole  space  within  the  penin- 
sula being  the  driest,  the  cleanest,  and  the  healthiest  surface 
conceivable.  It  was  speedily  found  that  the  barracks  in  the 
valley  were  very  unhealthy,  and  to  remedy  this  fault,  advan- 
tage was  taken  of  a  recess  or  platform  near  the  top  of  this  in- 
ner hill,  to  construct  a  barrack,  which  was  completely  conceal- 
ed by  the  crest  of  the  hill  from  the  view  of  the  marsh  on  the 
\  ,  outside,  and  at  least  300  fe^  above  it ;  but  it  proved  to  be  pes- 

tiferous beyond  belief)  and  infinitely  more  dangerous  than  the 
quarters  in  the  valley,  within  half  musket-shot  below.  In  fact 
no  white  man  could  possibly  live  there,  and  it  was  obliged  to 
be  abandoned.  At  the  time  this  was  going  onj»  it  was  disco- 
vered, that  a  quarter  which  had  been  built  on  the  outer  hill^ 
on  nearly  the  same  line  of  elevation,  and  exactly  500  yards 
further  removed  from  the  swamp,  was  perfectly  healthy,  not  a 
single  case  of  fever  having  occurred  on  it  from  the, time  it  was 
built  These  &cts  were  so  curious,  that  I  procured  the  Sur- 
veyor-General of  the  island  to  measure  the  elevations  and  dis- 
tances, and  I  have  given  them  here  from  his  report 

In 


*  The  superficies  of  the  base  of  the  peninsula  is  exactly  ISIO  yards  in  lengthy 
by  850  in  breadth,  exclusive  of  the  isthmus. 
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In  the  bland  of  ikntigua,  die  same  lesM^lts  were,  confirmed 
in  a  very  striking  manner.  The  autumn  of  1816  became  very 
sickly,  and.yeilovir  fever  broke  out  in  all  its  low  marshy  quar- 
ters,  while  the  milder  remittent  pervaded  the  island  generally. 
The  British  garrison  of  Ei^luh  Harbour  socmI;  fett  the  influx 
ence  ot  that  most  unwholesome  place*  They  were  distributed 
on  a  range  of  fortified  hills  that  surround  the  dock-yard.  The 
principal  of  these,  Monks  HiH^  at  the  bottom  of  the  bay,  risesh 
perpendicular  above  the  marshes  to  the  height  of  600  feet. 
The  c^her  garrisoned  hill,  which  goes  by  the  name  of  the  \^ 

Ri^Oi  b  i^out ,  100  feet  lower,  but  instead  of  rising  perpendi*  ^ 

cularly,  it  slopes  backward  firom  the  swamps  of  English  Har- 
bour. It  was.the.duty.  of  the  white  troops,  in  both  these  forts, 
to  take  ;the  guards. and  duties  of  tliedock«yaid  lunongst  the- 
marshes  hek>w,  and, to  pestifenMis  was  their  atmosphere,  that 
it  often  doeurred  tti  a  w^-seasbned  soldier  mounting  the 
night-guard  di  perfect  health,  to  be  ieited  with  furious  deli- 
rium while  standing  setttiy,  and  when  carried  back  to  his  bar- 
racks on  Monks  HUlt  to  expire  ii^  all  the  horrors  of  the  black 
vomit,  witJUB  less  ihm  30  hours  from  the  first  attadc ;  but  du- 
ring all  this,  nbt  a.smgle  case  of  yellow  fever,. nor  fever  of  any 
kind,  occurred  to  the  mhaAntaMs  of  Moidcs  Hill ;.  that  is  to  say, 
the  garrison  staff,  the  superior  officers^  the  women,  the  drum- 
mers, &C.,  all  in  fact  that  were  not.obhged  t6</eep  out  of  the 
garris<»i,  or  tfiik/s  the  duties  below,  remuned  in  perfect  health. 
The  result  on  the  Ridge  was  not  quite  the  same,  but  it  was 
equally  curious  and  instructive.  The  artillery  soldiers,  (17  in 
number)  never  took  any  o£  the  night  guards,  but  they  occupied^ 
a  barrack  about  300  feet  above  the  marshes,  not  perpendicular 
above  them,  like  Monks  Hill,  but  a  little  retired.    Not  a  case 

of  yellow  fever  or  black  vomit  occurred  amongst  them,  but  V 

every  man,  without  a  single  exception,  sufiered  tat  attack  of 
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the  ordinary  remittent,  of  whidi  one  of  them  died;  and  at  the 
barrack  on  the  top  of  the  Bidge,  at  the  hei^t  of  500  feet,  and 
still  further  retired  from  the  marshes,  there  scarcely  occur- 
red any  fever  worthy  of  notice. . 

Another  property  of  the  marsh  poison,  is  its  attraction  for,. 
X  or  rather  its  adherence  to,  lofty  umbrageous  trees.    This  is  so 

much  the  case,  that  it  can  with  difficulty  be  separated  from 
them  \  and  in  the  territory  of  Guiana  particularly,  where  these 
trees  abound,  it  is  wondeiful  to  see  how  near  to  leeward  of  the 
most  pestiferous  marshes  the  settlers,  provided  they  have  this 
security,  will  venture^  and  that  with  impunity,  to  place  their 
habitations. 

The  localities  of  the  plantations  situated  on  the  windward 
banks  of  the  rivers  that  intersect  Guiana,  and  are  generally  co- 
vered by  swampy  woods  in  close  vicinity,  exemplify  this  fact 
in  a  remarkable  manner ;  and  at  Paramaribo,  the  capital  of  Su- 
rinam, the  trade-wind  that  regularly  ventilates  the  town,  and 
renders  it  habitable,  blow&  over  a  considerable  tract  of  swamp 
at  a  short  distance,  but  whidi,  fortunately  for  the  inh^itants, 
is  thickly  covered  with  umbrageous  forests.  Experience,  be- 
sides, has  shown,  that  there,  as  in  all  other  new  lands,  the  cut- 
ting down  of  those  trees  in  the  swamps  has  ever  been  a  fatal 
operation  in  itself^  and  in  all  probability  would  be  productive 
of  pestilence  to  the  town  *. 

It  would  be  trespassing  wantonly  on  the  time  and  patience 
of  the  Society,  to  midtiply  further  observations  of  the  same 

kind. 


*  The  town  of  New  Amsterdan),  BerUce,  b  situated  within  ^oi^  mosket-^hot 
to  leeward  of  a  most  offensive  swamp,  in  the  dicect  tiack  of  a  strong  trade-wind, 
that  blows  night  and  day,  and  frequently  pollutes  even  the  sleepmg  apartments  of 
the  inhabitants,  with  the  stench  of  the  marshes,  yet  it  had  produced  no-endemic 
fever  worthy  of  nodce,  even  amongst  the  newly  arrived,  for  a  period  of  months 
and  years  previously  to  my  visidng  that  cdony. 
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kind,  and  I«h«ll  therfefb/fe' proceed  to  di^awisome  conclusions, 
which  I  think  are  fairly  warranted  from  the  facts  and  narrative 
I  have  submitted^ 

•that  thft'  iftarsh  poison  iahnot  emairite  ftoM  veg£*t4ble  pu- 
trefaction, t  tiilnfe  tnust  bo  felvideftt  &&ik  'the  feed,  that  it  is 
-found  most  virulent  imd  abundant  dii  the  driiest  surfaces  j  of- 
ten where  vegetation  nevej  existed,  or  cotiftl  ekist  for  the  tor- 
rents, such  as  the^de^«bd  steep  ravine  bf  a  dtied  water- 
course,- anti^thal  it  is'he^ei'  ifoiihd  in  kaVihrialw  or  jjlaitii,  that 
have  beeii  Jooded'  iri'^the  itifiny  iBea8<)A,'^Bl/ftieir  surfiice  has 
heeti  ithOitotiighly  iex^cci^^ ;  Ve^fetioh  Burnt  iip ;  tod  its  pu- 
trefaction Jrei^ered -as  nnpbsaJble  a4  '<he  piit'refacSSbh  of  an 
-EgyptiitomiiiAmy.  .  if  tSis  b^  ddubted  dr  dtehied,  Idt  68  take 
-examples  ^ef6  vegetable  pit^efec^ion'ls  siilK^vidinfit^'and  exa- 
imine  t^^he^  i^^be  piroidUetive  bf  disease  and  death,' ^mit&r  to 
'  what'  enmik^  &om  the  nfarsh  poison.    Stirely  the  'evidence 
of  every  ddiig  heap,  iii  eVei'y  fift  of  the  world,  wfll  answer 
the  question  in'  the  n<egative ;  6i^  if  it  b^  Insi^t^  tliat  the  poi- 
,son  is  genetiate^  fibm-4'4SOlxlbinatibn  of  a(|ttedu^  ahd  vegetable 
(^liirefiictiony  let'  ti»  rick>rt  to  the  easy  familiar  illoktratioii  of  a 
i  West  India  8ugaT-sh^,l«^here'the  dnlSHtogs  6f  the  ^Ugair>  fin- 
ing With  theibtlg€MWi)ter<bf  t^  hold','  dnSttk  a'  ^ncK  thltt  is 
■4^oluteIy  suffocating  to  those  unaccustomed  to  it ;  yet  fevers 
are  never  known  to.be  generated  from  such  a  combination. 
These  are  familiar  examples ;  but  I  cannot  think  they  should 
be  6f  less  intrinsic  value^  on  that  account,  or  be  deemed  le?s 
conc^sive.    Xli^  Itf^Uaos,  t<p»  bj^  sure,  l^^y^  publt^h^  ordqnw 
ces  against  the  steepibg  of  theinp  in  ati^iumt  po<Us,  but  theise 
resemble  many  othei:  itfrdbhances  rel^thre  to  health  feverywhere ; 
in  pyerlboking; ,  the  leading  primary  causes  of  the  stagnant 
pool,  the  auti^p^nal  jseaison,  and. the  malarious  lands  around, 
VOL.  IX.  p.  II.  o  o  and 
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and  having  th^r  point  directed  to  a  trifling  concomitant  cir- 
cumstance of  no  hnportance4 

Should  it  be  said,  that  the  poison  must  then  emanate  from 
aqueous  putrefaction  alone^  I  think  this  may  be  disproven  by  J 

equaUy  ikmiliar  examples.  The  bilge^water  in  the  holds  of 
ships,  which  at  all  times  smel^Is  more  offensively  than  the  most  ^ 

acknowledged  pestiferous  marshes,  would  in  that  case  infalli- 
bly, and  at  all  times,  be  generating  fevers  amongst  the  crew, 
more  particularly  in  tropical  climates.  I  need  scarcely  say, 
that  this  does  not  consist  with  the  fact,  unless  it  be  in  some 
rare  instances,  where  the  bilge-water  has  beccnne,  like  that  of 
the  marsh,  actually  dried  up,  or  absorbed  into  the  coHectedf 
rubbish  and  foulness  of  the  ship's  well^  thereby  verifying  the  ^ 

commoa  saying  of  the  sailors,  that  a  Jeaky  ship  is  ev^r  a  heal- 
thy shipi  9Xi^  vice  versa.  Or  if  it  be  cdbjected,  that  the  salt 
may  have  a  preserving  power,  let  us  lode  at  the  quantity  of 
fresh-water,  (not  mifrequently  the  imptire  watar  of  an  alluvial 
liver)^  laid  in  for  a  first-xi^  man  of  war  proceeding  on  a  long 
voyaga    Thia  ia  so  great  as  to  constitute  many  floorings^  or  | 

tiers  of  barrels,^  plose  to  which  the  people  sleep  with  impunity,  ^ 

though  it  is  always  disgustingly  putrid,  and  could  not  fail  to 

affect  them,  if  It  containedany  seeds  of  disease  ^.   Examples  of  J 

the  same  on  land  may  be  found  with  equid  facility.    At  Lis-  ^^ 

-   .     .  ---J  .^.    .  boB^ 


*  In  some  ships  o(  our  navy,  the  freph-water^  instead  of  bdng  put  up  in  casks, 
has  been  preserved  in  bulk,  by  constructing  a  large  open  tank>.of  tin  or  lead,  at 
the  bottom  of  the  hold,  without  m  tiie  Ikaat  affecting  the  iiealth  of  the  crew, 
though: they  slept  immediaitely  tibore  it*  On  land,  the  very  same^restdts  have 
beoi  verified  under  the^same  qrcumstances.  One  of  the  healthiest  officers^ui^-^ 
ters  in  the  West  Indies,,  is  the  field-officers  at  Berkshire  Hill,  St  Vinoent%  which; 
13  built  immediately  over  the  garrison  water-tank ;  and  a  block  house  at  Demes. 
irara,^  nmilarly  dtuated,  was  heakhier  dian  the  other  posts  on  tara^rma.. 
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bon,  and  throughout  Porliwggl,  ihere  cap  Ije^np  gfird^ns  with- 
out water;  but  the  garden  i*  almopt  every  thing  to  a  Portu* 
guese  familj.  All  claases.of  tl>e  inhabitants  endeavour  to^esta* 
blish  and  preserve  (^m,  particularly  in  Lisbon,  for  which  pur« 
pose  they  have  very  iaige  sto^e  resei^oira:  of  walert  that  are 
filled  by  pipes  front  the  publicaquedbcts^ivhen  water  is  abun-r 
dant ;— but  these  supplies  are  always  cut  -off  in  the;  summer. 
The  water,  conseqUendy^ ,  beipg  most^  precious,  is.  husbanded 
with  the  utmost  care  for  l^he  three;  months  absolute  drought  of 
the  sumtn^r-^eason.  It  falla  of  course  into  the  most  concen- 
trated  statepf  foulnjQs^iffncI  |>utridity,  diminishing  ^^d  evapo- 
rating day  a^er  4ay,  but^i  never  at^sorbed,  till  it  subsides  either 
into  a  thick  green  vejgetable  scum,  or  a  dried  crusL  In  the 
confined  .gardens  of  Lisbon,  pfuticularly,.  these  reservoirs  may 
be  seen  in  this  state*  closjetp^  the  houses,  ev^p  l^^the  sleepii^g 
places  of  the  hou^hpld>4n  th^  atmosphere  of  .whjych  they  lite- 
rally live  and  breathe ;  yet  no  one  ever  heard  or  dreamt  of  fe- 
ver being  generated  amq^agst  them  from  such  a  source ;  though 
the  mo9t  ignorant  native  is  well  aware,  that  were  he  only  to 
cross  the  river,  and  sife^  on.  the  sandjr  shores  of  the  Alentejp, 
where  a  parUqle  of  wat^  :«k  that  season  had  not  b^qn  seen  for 
months^  and  where  wisiter  being  absorbed  into  the  sand  as  soon 
as  it  fell,  was  neoer  known  to  bq  putrid^  he  would  run  the 
greatest  risk  of  being  seized  wijLh  remittent  ^ver«    * 

From  all  the  foregoing,  the:  deduction  appeai^s  to  be  unque- 
stionable, that  endemi0  fevers  cannot  be  genwated  either  from 
aqueous  or  vegetable  j>ti^i>^0c^9ii,  singly  or  conibined.:  It  ema- 
nates, as  we  have  seen,  firom  the  shores  of  the  purest  streams, 
wherever  they  have  been  floO(|ed  during  the  rains,  thrpu^. 
want  of  confining  (Jia^k^t  apd  it  is  absent  frpm  thQiS^MSt  putrid 
waters.  It  ittust  be  impossible  that  healthy  living  yi^a^,  which 
;:    .    !  oo  2  from 
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from  ita  current  is  in  a  perpeiual  course  of  being  refreshed  and 
renewed,  can  ever,  by  any  degree  bf  solar  heat,  be  brottght^into 
the  state  of  morbific  mlasmaia;  and  the  evil  .must  ^refbre 
reside  in  the  hal^dried  and  drpng  m^u^ ;  ibt  the  swamp  isi 
no  more  than  this  margin  rolled  up  mjder  anotlier  shape,  and 
it  must  be  brought  intd^  the  same  degree  of  dtyness^  before  it 
can  produce  arty  morbific  ^fecb.     :  i 

One  onlycondkion  then  seems  to  be  indispensable  to  the 
production  bf  the  marsh  p6ison^  on  al!  surfaces  eiEbpable  of  ab« 
sorption ;  and  that  is,  the  paucity  ofw^ter,  ^Hber^  it  has  ^re^ 
viously  and  recently  abounded.  To  this  there  is  no  e^iception 
in  climates  of  high  temperature  ^  and'  frdm  then^  we  znay  just* 
ly  infer,  that  the  poison  is  |iroduced  at  a  highly  advanced  stage 
of  the  drying  process ;«— but,  in  thef  present  state  of  our  know- 
ledge,  we  catf  no  more  teS  what  that  pre^ite  st^e  may  be,  or 
what  that  poison  albtually  is^  tl^  development  oif  which  ititisti 
necessarily  be  e^t^  varying,^  according  totcircutnstances  of  tem« 
peirature;  moistiire^  elevation,  perflatioii;  aspect,  ti^Cure,  and 
depth  6t  soil,  than  we  can  defii](e  and  describe  those  vap6ura 
that  generate  typhus  fevers,  snialt^x,  aild  other  diseases.^ 
The  marsh  and'tlie  stagnaiit  pool  wi}I  no  doubt  be  pointed  out 
as  the  ostensible' sources  from  which  this  poisOn  has  ever 
sprung;  but  theiili»sh,  it  has  been  seeii,  k  never  pest^rbus 
when  fuUy  covered  with  water.  At  all  Other  times  it  must 
present  a  grea^  ^jif^efy  of  drying  stirfiK^  iO^  both  tihie  lake 
and  the  inarsh  m^  evbr  possess  their  saturiit^,  hidE^lTied,. 
and  drying  mmgnss;  ^lt  l^  from  thiBse  thit  tlie  poison  uni* 
fi>rm]5^  evkwcOJii^  and  liever  from  the  body  oTthe^ake  or  pooly 
and^  1  think  '^^  may  even  W  4iriy  ^i«sumed  t6at  wMer^  for  aa 
long  as  ItM^liPpi^eserWdte  %tire^dr!ts  p^iele^  iibove  the  sur^ 
fece,  i%  cfiftn&lidus/ '  add  the^  St  irttist  &m  be  absorbed  into  the 
i(M^  tod  disappear  to  the  eye^^  btefore  it  can  produce  any  mis- 
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ehiearoos  effects;  The  most  igniorant  peabaiit  of  Lincolnshire 
knows,  that  there  is  nothing  to  be  a{^reheaded  from  the 
ditches  of  his  farm  till  they  have^been  dried  ujp  by  the  Bummer 
heat;  and  though  the  inhabitant  of  Hottand  may  point  to  the 
unexhausted  foul  canal  as  the  source  of  his  airtumnal  fever, 
there  can  be  little  doubt  that  he  might  livie  upon  ajseietof  the 
same  "^ith  imptinity,  and  that  It  is  to  the  absorbed  waters  un^ 
det  his  feet,  which,  without  <ihe  cattal,  would  in  ait-probi^rlity 
be  much  more  pestilential,  he  ought  to  attaribute  his  disease. 
To  assert,  after  all  this,  that  the  putrid  mar^  whidi  t»ust  ne^ 
cessarily,  to  <fl  eettam  d^i<ee,^be  -a  wet  one^  is  positively  less 
dangerous  than' another  where  no  smell  exisits^  wiM  not,  I  am 
sure,  appen  paradoxical  to  the  SiDciety ;  £b^  it  is  only*  saying, 
that  the  first  has  not  yet  arrived  at  the  degree  of  exsiccation 
'  that  has  been  found  most  productive  of  thq  mardi  poison,  and 
1^  th^  ptt<itefkctioti,  thottgh  it  may^  and  must  often  precede  and 
acooiiipimy  pestilence^  fe  no  part  of  pestil^ce  itself^ 

Tbe  symbol  !of  vegetable  ptotre&c^^^     in  the  decay  of  the 
aqutftic'^^ed^lhat  cover  the  pool,  constantly  meets  the  eye,  0 

and  <Kle<ieiV^^  42ie  judgment ;  mid  the  smdl  of  the  putrefying 
waters  C6naybhi^.^ith  it,  confirms  a  delusion  w^ich  has  ever 
prev^iYlJed  uir  from  discovering,  that  the  action  of  a  powerful 
sun  on  its  faal&dried  margin,  is  adequate  to  the  production  of 
all  thiEit  c6tild  bef  attributed  t&  the  humid  decay  of  vegetables; 
The  greatest  ifengerithen  may,  and  does  often^  exists  where  no 
warning  whatever  is  perceptible  to  the  senses,  and  whoever, 
in  malarious  countries,  waits  for  the  evidence  of  putrefaction, 
will,  in  all  the  most  dangerous  places,  wait  too  long^  as  every 
one  eiEtn  testify  who  has  seen  pestilence  steam  forth,  to  the  pa-  r; 
ndyzaiion  6f  artnies^  &om  the  bare  barren  saiids  of  the  Alen- 
tcgo  in  Pbrtiig^,—^  arid  burnt  plains  of  Estremadura  in 
%ain,----aju}thereieeiitIyfioddedtab}e^^        of  Barbadoes^whidi 
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have  seldom  more  than  a  foot  of  soil  to  cover  the  coral  rock, 
and  are  therefore  under  the  drying  process  of  a  tropical  sun, 
brought  almost  immediately  after  the  rains  into  a  state  to  give 
out  pestilential  miasmata* 

I  shall  conclude  this  pap^  with  a  few  more  observations  on 
some  of  the  qualities  not  yet  noticed  of  the  marsh  poison. 
No  experiments  hitherto  made  have  enabled  us  to  pronounce 
whether  it  be  specifically  heavier  or  lighter  than  common  air  j 
but  it  evidently  possesses  an  uncommon  and  singular  attrac- 
tion for  the  earth's  surface ;  for  in  all  mialarious  se^ons  and 
countries,  the  inhabitants  o£  ground  floors  are  uniformly  afiect« 
ed  in  a  greater  proportion  than  those  of  the  upper  storejfs* 
According  to  official  returns  during  the  last  sickly  season  at 
Barbadoes,  the  proportion  of  those  taken  ill  with  fever,  in  the 
lower  apartm^its  of  the  barracks,  exceeded  thftt  of  the  upper 
by  one-thitd,  throughout  the  whole  course  of  the  epid^nic 
At  the  same  time  it  was  observed,  thftt  the  d$ep  ditches  of  the 
forts,  even  though  they  contained  no  water,  t^  still  moi^  the 
deep  ravines  of  rivers  and  water-courses,  abounded;  with  the 
malarious  poison.  At  Basseterre,  Guadaloi^pe^.f^^guard-house 
placed  at  the  conflux  of  the  inner  and  outer  ditch  of  the  fort, 
infallibly  affected  every  white  man  with  fev^:  th^t  took  a 
single  night-guard  in  it;  and  the  houses  that  werebuilt  in  the 
ravine  of  the  river  aux  herbes^  (a  clear  mpid  mountain-stream 
that  runs  through  the  town)  or  opposite  to  its  *^  bpuchure,'* 
proved  nearly  as  unhealthy  as  the  guard-house  above  men- 
tioned. 

Another  proof,  that  from  the  attraction  above  mentipiied  it 
creeps  along  the  ground,  so  as  to  concentrate  and  collect  cm 
7^  the  sides  of  the  adjacent  hills,  instead  of  flowing  directly  up- 

wards in  the  atmosphere,  is  the  remarkable  fact,  <^  itU  cer^ 
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iamit/  lost  and  absorbed  by  pamiig  over  a  smail  surface  of  tea*  ^^^p  \ 

terj  which  could  scarcely  happen,  unless  it  came  into  direct 
contact  with  the  absorbing  fluids  The  rarefjing  heat  of  the 
sun,  too,  certainly  dispels  it,  and  it  is  only  during  the  coolej: 
temperature  of  the  night  that  it  acquires  body,  concentration, 
and  power.  All  regular  currents  of  wind  have  also  the  same 
effect,  and  I  conceive  it  to  be  through  the  agency  of  the  trade 
wind  alone,  which  blows  almost  constantly  from  east  to  west, 
that  the  greater  part  of  the  West  Indies  is  rendered  habitable* 
When  this  purifying  influence  is  withheld,  either  throfugh  the 
ciroum stances  of  season,  or  when  it  cannot  be  made  to  sweep 
the  land  on  account  of  the  intervention  of  high  hills,  the  con* 
sequences  are  most  fatal.  The  leeward  shore  of  Guadaloupe, 
for  a  course  of  nearly  thirty  miles,  under  the  shelter  of  a  very 
high  steep  ridge  of  volcanic  mountains,  never  felt  the  isea* 
breeze,  nor  aiiy  breeze  but  the  night  land-wind  from  the  raoun-  • 
tains  ;  and  though  the  soil,  which  I  have  oflen  examined,  is  a 
remarkably  open,  dry,  and  pure  one,  being  mostly  sand  and 
gravel,  altogedier  and  positively  without  marsh  in  the  most 
dangerous  places,  it  is  mconceivably  pestiferous  throughout 
the  whole  tract,  and  in  no  spot  more  so  than  the  bare  sandy 
beach   near  the  high  water-mark*.      The  coloured  people 

i  alone. 


*  In  our  own  country,  an  instance  of  a  pane  surface,  absolutely  destitute  of 
vegetation,  proving  a*  malarious  as  any  other  spot  that  I  know  of  in  England^  may 
be  seen  ai  Dungeness,  on  the  C4mst  of  Kent,  The  point  of  Dungaiess,  h  ft  tongur  • 
of  land  appended  to  the  great  Bomney  Marshy  and  consists  of  an  extensive  bank 
of  shingle  or  gravel,  so  dry,  loose,  and  open,  that  even  during  wet  wcsather  horses 
sink  in  it  nearly  up  to  the  knees.  The  forts  and  barracks  are  at  least  four  miles 
from  what  may  be  called  the  Mainland^  wheiB  the  grass  begins  to  grow,  yet  wss 
there  no  spot  of  that  unwholesome  tract  of  country  more  ppolilic  of  endemic  fever 
during  the  hot  summer  and  autumn  of  1807  than  these  biyraeks*  In  one  part  of 
the  gravel,  but  not  near  the  barracks,  were  some  very  deep  pools,  pf  no  great  ^j^ 
lent,  containing  a  angularly  pure  pellucid  Iresh-waten  ^ 
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alone  ever  venture  to  inhabit  it,  and  when  they  see  strangers 
tarrying  oh  the  shore  after  nigfat^fally  they  never  &il  to  warn 
them  of  their  diuiger.  The  stole  remark  holds  good  in  r^rd 
to  the  greater  part  of  the  leeward  coast  of  Maritintque,  or  the 
leeward  alluvial  basis  of  hilk,  in  whatever  part  of  the  torrid 
zone  they  may  be  placed,  with  the  exception  probably  of  the 
immediate  sites  of  towns,  wha:^e  ihe  pavements  pi^event  the 
rain-water  being  absorbed  into  the  soil,  arid  hold  it  lip  to 
speedy  evapoiration. 

For  this,  if  there  ^  a  remedy,  it  must:  be  £^uiid  in  the 
powers  of  ccdtivation,  ever  opening  the  sur&de  for  the  escape 
of  pestilential  gases,  and  exhanstihg.  the  morbific:  principle  by 
a  constant  suocesskm  of  crops ;  for  wherever  malaria  prevails, 
the  uncultivated  nvannidi,  even  though  used  for  pasture,  be^ 
comes  infinitely  mora  pestiferous  than  the  plaiitati<m,  and  the 
depc^uiated  coikntry '  fidls  completdly  u»d»r  its  domitttdh* 
With  the  aid  of  the  purifymg  sea^bi«»e,  tjiir  ck>urse  at  thd 
British  co|(biiy  of  D&rieraca,  widan^aix  d^^reet«ff  the  equator^ 
has  sucddeded  m  rendef  irig  the  euMvated  porticm  of  the  dec^e^t  # 

and  most  extensive  moiiass  prabofaiy  in  the  worl^,  a  healthy, 
fertile,.attd  beautiful  settlement  I  shall  hot  here  en<ier  into  d 
detailediacooUnt  of  the  astonishing  -^st^  of  tide  and  f!dbd« 
gate  drainage  by  which  tiiSs  delightful  result  has  been  esta- 
blished and  kept  up^  but  hasten  to  a  conclusion. 

It  would  be  unphilosophical  to  suppose,  that  the  marsh  poi- 
son, because  other  distempers,  such  as  dysentery,  co-exist  with 
it,  ever  produces  asiy  disease  but  the  specific  (me  of  which  it  is 
the  acknowledged  parent,  varying,  however,  in  form,  tod  as  a 
modification  of  effect  from  die  same  caude,  from  the  commoh 
ague  of  the  fens  of  Lincolnshire,  through  all  the  milder  remit- 
tent types,  up  to  the  aggravated  yellow  feVer,  or  malignant  re- 
mittent of  the  West  Indies;  tod  that  variation,  so  certain  and 
'  uniform. 
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uniform,  in  proportion  to  the  power  of  the  remote  exciting 
cause,  that  the  varying  types  of  fever  might  be  measured  al-  ^.  y^- 

most  to  a  certainty  by  the  degrees  of  solar  heat,  as  marked  on  f^ 

the  thermometer.  Thus  it  is  most  rare  and  uncommon  to 
meet  with  an  ague  in  the  West  Indies  in  the  swampy  alluvial 
plains  at  the  level  of  the  sea,  where  the  generality  of  the  towns 
and  settlements  are  placed  ; — as  rare,  or  rather  as  impossible, 
as  it  would  be  to  meet  with  any  thing  else  but  a  common  re- 
mittent or  an  intermittent  fever,  on  the  cooler  mountain  mar- 
shy levels  of  the  same  country.  The  highest  degree  of  suscep- 
tibility and  excitement  from  solar  heat  on  the  part  of  the  sub- 
ject^ combined  with  the  highest  state  of  preparation  from  the 
same,  on  the  part  of  the  agent^  appear  to  be  essential  in  all  si- 
tuations to  the  production  of  the  dreadful  yellow  fever,  which, 
luckily  for  mankind,  is  incapable  of  being  transported  to  any 
locality  of  lower  temperature,  or  texture  of  soil  different  from 
that  which  gave  it  birth.  Need  I  say,  that  such  a  disease, 
however  rapid  and  appalling  may  be  its  epidemic  current,  is 
not,  and  cannot,  no  more  than  the  common  ague  or  remittent 
fever,  be  in  the  smallest  degree  contagious. 

There  are  very  few,  indeed,  of  those  that  have  been  compel- 
led to  live  under  its  scourge,  who  have  not  overcome  the  pre- 
judices of  their  education  on  this  head;  but,  unluckily,  a  dif- 
ferent impression  obtains  very  generally  amongst  those  who 
have  never  seen  the  disease,  which  deeply  affects  the  peace  of 
society  every  where,  and  in  some  countries  has  proved  subver- 
sive of  the  best  interests  of  humanity.  Such  opinions,  it  is  the 
duty  of  every  man,  who  has  had  sufficient  experience,  to  com- 
bat, by  stating  the  results  of  personal  exposure  and  investiga- 
tion, and  thereby  do  his  utmost  to  rescue  medical  science 
from  the  dominion  of  a  prejudice  which  disgraces  it 
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I  shall  now  close  this  tedious  paper,  wherein  1  have  endea- 
voured, as  much  as  possible,  to  avoid  all  professional  disquisi- 
tions, or  references  to  authors,  or  even  allusion  to  any  ground 
on  which  I  have  not  personally  trod.  It  was  my  earnest  wish 
to  have  ifnade  it  shorter;  but  amidst  the  multiplicity  of  matter 
and  illustration,  with  which  I  have  been  literally  oppressed,  I 
found  that  I  could  not  abridge  it  farther,  and  at  the  same  time 
do  justice  to  the  subject 
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NOTE. 


ON  THE  NEGRO  SKIN. 

THE  adaptation  of  the  Negro  to  live  in  the  unwholesome  localities  of 
the  Torrid  Zone,  that  prove  so  fatal  to  Europeans,  is  most  happy  and 
singular.  From  peculiarity  of  idiosyncrasy,  he  appears  to  be  proof  against 
endemic  fevers ;  for  to  him  marsh  miasmata  are  in  fact  no  poison,  and 
hence  his  incalculable  value  as  a  soldier,  for  field  service,  in  the  West  In- 
dies. The  warm,  moist,  low  and  leeward  situations,  where  these  perni- 
cious exhalations  are  generated  and  concentrated,  prove  to  him  congenial 
in  every  respect.  He  delights  in  them,  for  he  there  enjoys  life  and  health, 
as  much  as  his  feelings  are  abhorrent  to  the  currents  of  wind  that  sweep 
the  mountain  tops,  where  alone  the  whites  find  security  against  endemic 
fevers. 

One  of  the  most  obvious  peculiarities  of  the  Negro,  compared  with  the 
European,  is  the  texture  of  his.  skin,  which  is  thick,  oily  and  rank  to  a 
great  degree :  and  from  this  circumstance  the  theorist,  when  he  speculates 
on  the  mode  of  reception  of  the  marsh  poison  into  the  constitution,  whe- 
ther by  the  lungs,  the  stomach,  or  the  skin,  may  draw  a  plausible  conjec- 
tural inference  (for  it  can  be  no  more)  in  favour  of  the  last.  It  is  cer- 
tain,  that  amongst  Europeans,  the  thick-skinned  and  dark-haired  with- 
stand the  influence  of  the  marsh  poison  much  better  than  those  of  the  op- 
posite temperament ;  and  it  is  equally  certain,  from  the  never-failing  pri- 
mary head-ache,  that  its  first  impression  is  invariably  upon  the  brain,  as 
if  it  had  been  taken  up  by  the  sentient  extremities  of  nerves,  of  which 
the  skin  is  so  truly  an  expansion,  and  conveyed  to  the  sensorium. 

Another  argument  of  analogy,  in  favour  of  the  same  opinion,  may  be 
derived  from  a  reference  to  the  plague,  which  is  the  pestilential  endemic  \^ 

fever  of  the  Levant^  or  rather  of  the  arid  sandy  regions  of  the  southern 
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coasts  of  the  Mediterranean.  In  that  disease,  we  see  reason  to  heKeve, 
that  the  poison  enters  hy  the  skin,  because  swellings  of  the  lymphatic 
glands  are  amongst  its  most  prominent  symptoms ;  because  oily  frictions 
on  the  skin  are  said  to  be  preservative  against  it,  and  that  carriers  or 
workers  in  oil  do  not  take  the  disease. 

When  the  poison  is  received  into  the  constitution,  through  whatever 
channel  it  may  enter,  its  effects  are  actually  not  very  dissimilar  in  some 
cases  to  those  from  the  bite  of  a  serpent.  The  aggravated  cases  of  yel- 
low fever  at  Antigua,  mentioned  in  this  paper,  and  those  that  have  fre- 
quently occurred  at  St  Lucia  and  Martinique,  from  the  bite  of  the  large 
brown  viper  of  these  islands,  ran  a  course  not  without  some  resemblance, 
in  the  impaired  nervous  energy,  the  vomitings,  and  dissolution  of  the 
blood,  as  marked  by  the  livid  discolorations  under  the  skin,  (hence  the 
very  improper  name  of  Yellow  Fever),  and  its  discharge  from  the  internal 
surfaces  previous  to  the  fatal  termination. 
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XXL  Description  of  some  remarkable  Atmospheric  Reflections 
and  RefractionSy  observed  in  the  Greenland  Sea.  By 
William  Scoresby,  Esq.  jww.,  F.  R.  S.  Edin. 


(Read  December  18.  1820  J 


JLIURING  the  summer  of  the  present  year  (1820),  while  na- 
vigating with  the  ship  Baffin,  the  icy  sea  in  the  immediate 
neighbourhood  of  West  Greenland  (the  east  side),  several  ex- 
tremely curious  appearances  of  distant  objects,  produced  by 
the  reflective  and  refractive  properties  of  the  atmosphere,  were 
observed. 

The  first  of  these,  consisting  chiefly  of  images  of  ships  in  the 
air,  occurred  on  the  28th  of  June,  in  latitude  TS""  SO',  and  lon- 
gitude 1 1"*  50'  W.  For  two  or  three  days  previous,  the  wea- 
ther had  been  intensely  foggy,  with  the  wind  from  the  S.  R, 
E.  and  N.  E.,  blowing  iresh.  The  day  alluded  to  was  beauti- 
fully clear ;  not  a  cloud,  excepting  the  most  delicate  cirri,  ha^ 
ving  appeared  in  the  sky  for  twenty-four  hours.  The  thermo- 
meter varied  between  ST  and  42°,  and  even  at  this  moderate 
temperature,  the  sun  was  so  powerful,  that  its  intense  light 
produced  a  very  painful  sensation  in  the  eyes,  while  its  heat 
softened  the  tar  in  the  rigging  of  the  ship,  and  melted  the  snow 
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on  the  surrounding  ice  with  such  rapidity,  that  pools  of  fresh 
water  were  formed  on  almost  every  piece,  and  thousands  of 
rills  carried  the  excess  into  the  sea.  There  was  scarcely  a 
breath  of  wind.  The  sea  was  as  smooth  as  a  muror.  The  ice 
around  was  crowded  together,  and  exhibited  every  variiety, 
from  the  smallest  lumps  to  the  most  magnificent  sheets.  Bears 
traversed  the  fields  and  floes  in  unusual  numbers,  and  many 
whales  sported  in  the  recesses  and  openings  among  the  drift 
ice.  About  six  in  the  evening,  a  light  breeze  at  NW.  having 
sprung  up,  a  thin  stratus,  or  "  fog-bank,''  at  first  considerably 
illuminated  by  the  sun,  appeared  in  the  same  quarter,  and  gra^ 
dually  arose  to  the  altitude  of  about  a  quarter  of  a  degree.  On 
this,  most  of  the  ships,  navigating  at  the  distance  of  ten  or 
fifteen  miles,  amounting  to  eighteen  or  nineteen  sail,  began  to 
change  their  form  and  magnitude ;  and  when  examined  by  a 
telescope  from  the  mast-head  of  the  Baffin,  exhibited  some  ex- 
traordinary appearances,  differing  in  eflfect  at  almost  every 
point  of  the  compass.  Ohe  ship  bearing  NW.  by  W.  (Plate 
XVIII.  Fig.  a.  sketch  1.)  hid  a  perfect  image^  as  dark  and 
distinct  as  the  original,  united  to  its  mast-head  iii  a  reverse 
position  ;  two  others  (Figs,  b  and  c),  at  NW.,  presented  two 
distinct  inverted  images  in  the  air,  one  of  them  a  perfect  figure 
of  the  original,  the  other  wanting  the  hull.  Two  or  three 
more,  bearing  about  north,  of  which  one  only  is  represented  in 
the  sketch  (Fig.  d),  werte  strangely  distorted^  their  masts  ap- 
pearing of  at  least  twice  their  prdper  height^  the  top-gallant- 
masts  formingohe-half  of  the  total  elevation  ;  and^  at  thie  same 
time,  some  vessels  bearing  NN£.  and  E.>  exhibited  an  ap- 
pearance totally  differetat  frona  dl  the  preceding.  T^t^ese,  five 
in  number^  of  which  t^o  only  (Figs,  e  aqd/)nre  given  in  tlje 
drawinjg^  Were  at  the  distance  of  twelve  or  fifleea  ndiijbs^  and 
consequently  considerably  beyond  the  niatural  faorizbn;  bttt 
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owing  to  the  influence  of  some  peculiar  vapour  in  the  air,  they 
now  seemed  to  advance  so  near,  that  they  became  distinctly 
visible9  and  the  ic^,  for  some  minutes,  appeared  beyond  them. 
Their  masts  seemed  to  be  scarcely  one-half  of  their  proper  al- 
titude, in  consequence  of  which,  one  would  have  supposed 
that  they  were  greatly  heeled  to  one  side,  or  in  the  position 
called  "  Careening."  Along  with  all  the  images  of  the  ships,  a 
reflection  of  the  ice,  in  some  places  in  two  strata,  also  appear- 
ed in  the  air.  The  upper  stratum  of  ice,  in  which  the  images 
of  the  ships  terminated^  was  fifteen  minutes  of  altitude  from 
the  apparent  horizon.  These  reflections  suggested  the  idea  of 
cliffs,  composed  of  vertical  columns  of  alabaster.  The  stratus, 
which  occupied  the  space  intermediate  between  the  reflection 
of  the  ice  and  the  horizon,  was,  in  some  positions  of  the  sun, 
highly  illuminated,  and  shone  like  a  sheet  of  distant  water  in  a 
calm  ;  but  in  other  cases,  as  at  the  time  when  the  annexed 
sketch  was  taken,  it  was  a  little  darker  in  colour  than  the 
higher  region  of  the  atmosphere.  To  this  fog,  or  stratus,  then, 
it  is  probable  all  the  rdiections  were  owing;  the  double 
images  being  produced  by  two  or  more  strata  of  fog ;  while  a 
highly  treiqulous  transparent  vapour,  resembling  the  steam  of 
water  before  condensation,  which  could  occasionally  be  dis- 
cerned floating  across  the  ice  with  the  breeze  from  the  NW. 
and  N.,  occasioned,  it  is  likely,  the  singular  distortions  .obser- 
ved in  the  fonn  of  every  distimt  object  seen  through  it. 
Hence,  not  only  ^hips,  but  also  the  ice,  was  sometimes  d^orm- 
ed  by  the  refractive  property  of  this  vapour.  The  verge  of 
the  jce,  in  one  place,  became  a  considerable  precipice;  in  ano- 
ther it  appeared  like  distant  land  clad  with  snow ;  and  a  large 
hummodk  on  the  horizon  was  reared  into  the  air  (£%.  a)  in 
theform  of  an  obelisk.  The  appearances  now  descif)bed  oc- 
curred between  6  aiid  12  p.  m.    The  reflected  images  of  the 
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ice  continued  visible  above  two  hours ;  of  some  of  the  ships 
about  half  an  hour ;  and  of  others,  presenting  double  reflec* 
tions,  about  five  minutes.  The  whole  of  the  phenomena  re- 
presented in  the  sketch  were  seen  about  the  same  time  ;  but 
they  occupied  a  much  larger  extent  than  could  conveniently 
be  given  in  a  drawing.  There  were  some  vessels  in  the  SR 
quarter,  which  were  not  in  the  least  changed  from  their  natu- 
ral form  or  dimensions. 

The  atmosphere  was  again,  in  a  similar  state  to  that  just 
mentioned,  on  the  15th,  16th,  and  17th  of  July.  Our  latitude 
was  then  71^  30',  longitude  17^  W.  Ice-fields  and  floes,  with 
many  smaller  pieces,  were  in  abundance  around  us.  The  wind 
was  extremely  light,  the  sky  cloudless,  and  the  temperature  in 
the  shade  between  40*"  and  48° ;  the  sun,  at  the  same  time,  was 
bright,  and  its  rays  powerful.  On  each  of  these  three  days,  curi- 
ous  reflections  from  fog-banks,  or  refiractions  from  tremulous 
vapour,  were  observed.  The  ice  in  the  horizon  was  reflected  in 
one,  two,  or  three  parallel  strata,  at  the  altitude,  as  seen  from 
the  deck  of  the  Baffin,  of  ten  to  thirty  minutes  above  the  verge 
of  the  sea  ;  and  where  water  occurred  on  the  horizon,  a  black- 
ish*grey  undulating  streak  appeared  in  the  atmosphere  above 
it,  exactly  resembling  the  slight  waves  produced  by  a  gentle 
breeze  of  wind,  of  which  it  was  doubtless  a  reflection.  In 
some  places  the  reflected  ice  was  in  narrow  faint  streaks ;  in 
others  in  bold  bright  patches,  resembling  cliffs  of  white  marble, 
of  the  basaltic  structure.  Sometimes  the  phenomenon  ex- 
tended continuously  through  half  the  circumference  of  the  ho- 
rizon, at  otliers  it  appeared  in  detached  spots,  in  various  quar- 
ters. From  the  deck  of  the  ship^  with  a  telescope,  the  invert- 
ed images  of  distant  vessels  were  often  seen  in  the  air,  while 
the  ships  themsdves  were  far  beyond  the  reach  of  vision. 
Some  ^hips  at  the  distance  of  six  or  eight  miles,  like  those  se^i 
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on  the  28thi  of  June»;  iilsre  devated  to  twice  tfc^^  proper 
height,  and  others  eompressied  alttiost  to  a  Kne«  Hummoeks  of 
ice  here  and  there  were  stirprisii^y  enlarged ;  and  every  pro- 
meat  obgect,  in  a  propev  position^  was  either  magnified  or  dis- 
torted^ These  appearances,  though  often  visible  to  the  naked 
eye,  were  not  generally  very  striking;  bnt  when  examined 
through  a  telescope,,  they  pres^ited  an  ever-varying  scene  of 
the  most  interesting  imagery*.  Most  of  the*  phenomena  now 
najentioned  were  seen  on  the  16tk  of  July,  at  five  o'clock  ita 
the  afternoon.  A  stratus  was.  then  observed  in  the  east,  ex- 
tending, north-about,  as  far  as  the  north-west  In  the  latter 
quarter,^  including  the  azimuth,  of  the  sun,  the  sky  was  whitish 
and  resplendent,  so  that  the  fi^  was  concealed  in  the  general 
glare.. 

Another  instance  of  curiom^  refvactibnwill  only  be  mention- 
ed. This  occurred,  on  the-  18th  of  July,  under  similar  circum- 
stances of  weather,.  &C..  as  those  already  described  The- sky 
was  clear.  The  tremulous  vapour  was  particularly  sensible 
and  profuse^  though  perfectly  transparent  The  temperature 
of  the  air  at  9  a.  m*,  the  time^  when  the  phenoihenon  was  first 
noticed,  was  42^  i  but  in  the  evening  preceding  it  must  have 
been  greatly  lower,  as  the  sea  was  in  many  places  covered  with 
a  considerable  pellicle  of  new  ice.  Such  a  circumstance,  in 
the  very  warmest  part  of  the  year,  must  be  considered  as  very 
extraordinary,  especially  when  it  is^  known,  that  ten  degrees 
farther  to  the  north,  no  freezing  of  the  sea,  at  this  season,  that 
I  am  aware  of,  has  ever  he&a  observed.  The  latitude  of  the 
ship  was  at  this  time  7r  2(y  N.,  the- longitude  17' SCT  W. 
Having  approached,  on  this  occasion,  so  near  the  unexplored 
shore  of  Greenland,:  that  the  land  appieared  distinct  and  bold, 
I  was  wishful  to  obtain  a  drawing,  of  it;  but  on  making  the  at^ 
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(empty  .1  louod  I  fx»ddlA«t«uic0sd'Widi  a^  tlegreet)f  a^curk*' 
^y,  9ince  the  oudine  diangenlAS  fiwt  ai  I  proceeded.  The  odd 
form  of  mcmy  of  the  iiillsijhyku^ffieta  examine  the  knd  with 
a  telescope  Ax)m  the  mutAmuA^  oti  turhicit)  fmfing  it  much  dis- 
figured by  r^actioD^  I  ^eoo|ilM«ed  myself  iirith  sketching  a  few 
of  the  moat  remarkahie  ofa^tetii^  lliese,  aec»irately  designed, 
yet  disposed  without  regard  *o  their  proper  order,  or  the  mo- 
ment of  time  when  seen,  are.  represented  in  the  sketch, 
No.  II.  They  afford  a  tolerable  idea  of  the  nature  of  the 
pqeoery  then  witiiin  view,  ^ihe  land,  at  this  time  in  sight,  ex- 
tended from  W.  to  NNWrjQwreom^ass);  the  neafrest  part 
at  WNW^  being  about  35  m  ilea  distant.  It  seemed  to  he  a 
barren  and  loily  country^  abounding  in  mountainous  ridges 
and  peaks.  There  was  much  less  snow  on  it  than  we  usually 
find  OQ  3pltzbergeii  at  this  season  s  but  in  o^er  respects  it  very 
much  re«^eB;ible9  that  InhMispitabla  cmmtryi 

The  general  talescopic  appearancie:  of  the  eoast  was  that  of 
an  extenjsive  ancieot^l^,  abqafldbig  titritfethe  rninsof  casttes, 
obelii^fii)  lurches,. and anonutti^ntB,  w>l|h  otfter large  and  con- 
spicuous bttUdings.  ISome  c^i^e  Mtis  seemed- to  be  surmount- 
ed by  turrets^  b«ttlemfe]}t3,:^pes,  fini  pinnadles ;  while  others, 
^ulbg^ct^  to  one  or  two  refleetiions,  exhibited  'large  masses  of 
rook^  i^iqparently  suspended' in  lihea^ir,  at  a  considerable  eleva- 
tiou  Above  the  actual  termjnatlon  of  the  mountains  to  which 
they  referred*  The wbc^eextiibitlofi  was  a grandand  interest- 
ing phaiitasmagoria.  Scarcely  was  «ny  particular  portion 
sket(^ed  b^re  it  changed  its  appearance,  and  assumed  the 
form  of  ap  object  itotally  diflferent.  It  was  perimps  alternately 
a  casit^  a  caUiedffal,  <Mr :  an  ^beMsk  j  then  expanding  hori^on^ 
t«Uy,  ;9^  QOftlescing  witih  theadjoininghilh,  united  the  inter- 
ipedinte^idJb^s^  jthough  some  miles  in  width,  by  a  bridge  of  a 
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single  arch,  of  the  most  magnificeDt  appearance  and  ex- 
tent Notwithstanding  these  repeated  changes,  the  various 
figures  represented  in  the  drawing  had  all  the  distinctness  of 
reality ;  and  not  only  the  different  strata,  but  also  the  veins  of 
the  rocks,  with  the  wreaths  of  snow  occupying  ravines  and  fis- 
sures,* formed  sharp  and  distinct  lines,  and  exhibited  every  ap- 
pearance of  the  most  perfect  solidity. 
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XXII.  Account  of  the  Erection  of  a  Granite  Obdiik,  of  a 
single  StonCf  ab&td  seoeniyfeet  high,  at  Seringapatam.  By 
Aleicakder  Kennedy,  M.  D.  F.  R.  S.  £din.  &c 

fRead  December  B.  1821. J 

vJn  the  19th  of  February  last,  I  had  the  honour  of  reading 
to  this  Society,  some  notices  of  the  mode  of  working  and  po- 
lishing granite,  by  the  natives  of  India  *. 

One  object  of  that  paper  was,  from  a  view  of  the  immense 
masses,  which  Indian  artists  are  still  in  the  habit  of  rendering 
obedient  to  their  simple  instruments,  to  deduce  the  probabi- 
lity of  the  similarity,  if  not  of  the  identity,  of  the  means  now 
in  use  among  them,  with  the  processes  by  which  the  architects 
of  the  ancient  world,  raised  the  stupendous  monuments  which 
we  still  see  in  existence ;.  and,  as  an  instance  of  the  very  re- 
cent exercise  of  these  arts,  I  mentioned  the  erection  of  a  gra- 
nite obelisk  near  Seringapatam,  to  the  memory  of  the  late  Jo- 
siAH  Webbe,  Esq.  who  died  in  the  year  1805.  The  late  Pro- 
fessor Playfair  had  expressed  to  me  a  desire  of  procuring  in- 
formation, as  to  the  means  by  which  the  erection  of  this  mo- 
nument had  been  accomplished ;  and  a  wish  to  bring  these  to 
light,  as  well  as  my  uncertainty  regarding  the  exact  length  of- 

the 


*  This  Paper  will  be  found  in  the  Edinburgh  PkUoscfphkal  Jaumai,  vol.  iv. 
p.  849. 
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» 

the  shaft  of  the  obelisk,  induced  me  to  apply  to  Colonel 
WiLKS,  who  was  upon  the  spot  at  the  time  of  Its  erection,  for 
hilurmatiun  as  to  iJiese  parllculttrs.  He  has,  most  pofitelj,  iti 
the  letter  which  I  shall  now  have  the  honour  of  reading,  taken 
the  trouble  of  deducing  the  materials,  even  from  the  quarry  ^ 
and  ha$  nisei  iuldedy  i^rj^  psctisoiku  Ani  tolfo&6(^  deta^  of 
tba^  n^^aos  by  «^ich  the  ^eoticm^^  the  dbdidciva^Aceom- 
plished.  Thou^  the  e»ct|lei^g;|li](  o£.t^  shaft  is  stiU  e^jdesi- 
deratum^  and  Colonel  Wilks,  from  recollection,  is  inclined  to 
think  it  only  sixty  feet,  instead  of  seventy-five,  at  which,  from 
information,  I  had  staked  it]  yet  it  appears  from  his  narrative, 
that  accident  only,  prevented  the  shaft  being  formed  of  a  single 
stone,  of  the  prodigious  length  of  eighty-four  feet,  which  had 
been  actually  quarried  fpr  the  purpose,  and  the  diffiqulties  of 
efectuig  which,  we  can  scarcely  doubt,  would  have  been  sur- 
motkiited,  by  the  patient  j^erseverance  aiid  addreds^of  Hindoo 
workmen-  ' 

This  stope  would  have  formed  a  shafts  considerably  longer, 
than  that  of  the  obelisk  now  standin|^  in  front  of  St  Peter^s,  at 
Home.  Evelyn  ^  states  the  he^ht  of  this  obeli^).  coBopre^ 
bending  the  base,^^t  lOB  feet,,  and  tlmt  of  the  entire  stone, 
which  forms  the  shaft,,  at  7^  ife^t  He  §ays  that  it  was  re^ 
erected,  ^  with  vast  post,  aftd  a  most  stupendous  inventiion," 
by  )DoMiNico  FoNTANA,  architect  to  Sixtus  the  V.^  and  he  af- 
terguards mentions  (p.  1^.)  having  seen  representations  of 
the  machines,  invientedi  By  the  architect  ifbr  this  purpose,  paint** 
ed  upon  the  walls  and  roof  of  one  of  the  rooms  of  the  Vati- 
can.   BviXYN  was  {^  B«me  w  1645. 

Colonel 

♦  Memoirsx  voK  i.  p.  108. 
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!«)l)l^  ))^  ffi^9>:l)9(hiid  Mi>iapporta«rHy  bf  jseeoig  at  St  Hdena, 
^Imft  (ikp^'iHMi(  flt^>i1^Uteii(kl  from  India.  Lsh^^note 
ps^ftjgC  t*#t,>^fe^  /rlfefcC^Qn'^  feajw,  ♦*  That  cDHectiiSB,. Icon- 
jf^  igil^,  lUlik  Bdis^vgb)  add  ^vobably  in'the  gcx^ogioal  de- 
*<  ^riWf^ni^  qf  .tberBa|»Vrflobiity;  fieragnii^'^  ^one  'df  the 
Myvore  drQogA>)  ^ii^  iitlitiidt/jiheTinast  faeautiiiil  ;red  gr^i$e  I 
''  ever  saw,  and  most  of  the  other  droogs,'»*4h0'grey.  I  am 
*'  aw|ii»)  hQVf9yfiT/.i^:ilttklr&  is!>aj^eat;deal  of  vqck  lii'the 
*'  ea^t^rm  fidg^i^  f^6a/ii(ti.tiQh  teriptlygnuute;  aefaorl,  I.tbiiik, 
*<  beUig  9f]^^U^QlMfl.;aflUk^,  juid. aometimes: entirely  oceup^rag 

« ,:^t^pb(^ftfjtei5jMik"v  ;i^ .!..;  ^'  ; 

It  seems  almost  superfluous  to  .add,  that  gsauiteiis  ^uaify 
ah«iid^p)^».i!i  jp%ip^,rOj^  ,#^«ctt  aili91  fuij^es  rioidjh.  .The 
cQi^trj^  ,o£  Uy^tsf^fi»A.B0f^t  Me  ,w^ll4eai»rn  iiia(ianc8& 

,-.: ,    :    '  Alex.  S^xirjpxT;^ 

fidiiif94r0h,l8tj)pftfn^  M»i. : 

Xpncfe^f  >^6(Mnp»<wf«  Hotel,. Ctsoendish  S^narey 
My  dear  Sift,  S<A  September  1821. 

Finding,  o»  my  T^iirn  from  the  Continent,  no  replies  to  my 
several  r^erences,  wWch  afibr<3ed  any  positive  information,^  re- 
garding the  «ib6l?^  neikr  Sering^atam,  and  being  able  to  re- 
cover no  memoranda  of  my  own,  I  proceed  to  answer  your 
letter,  as  well  as  I  -can,  tfrom  memory  alone. 

Although  I«nxipuf^'watehed  the  progress  of  diis  interest- 
-tng.wor^,  1  as-ansieuslydeft  itio'be  exclusively  ln<fiaH;  and 
jUie^esigw^itf  t^-obdiskf^was  the  only  aid,  afTordedby  any  £ua 
<i!C)|iea»  tp'dwnaeive  wMkmem 
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Hie  accompanyiDg  sketch,  Hate^XiX.  wil>  obviate  much  ex^ 
planatton.  The  obelisk  is  erected,  nearly  on  the  site  of  the  £ed- 
gah,  Biedoubt,  which  made  so  determined  a  defence  on  the  6th: 
Februaiy  1792 ;  »id  the  view  is.  taken  from  the  nort^^  with  the 
Fort  of  Seringapatam  in.  the  back-giound ;  a  bungalo  for  the  ac- 
commodation of  visitors,  and  of  a  gbrctener,  is  seen  on-  the  left ; 
and  more  in  the  fore-ground^  the  carriage  on  which  the  shaft 
of  the^  obelisk,  was  conveyed  from  the  quavry^  supported  by 
eight  wheels  or  rollers,  four  without,, and"  as  many  within,  the 
cheeks  of  the  machine* 

The  plinth,  as  exhibited  in  the*8^tch,  was  about  1^  feet 
thick,  of  three  stones  of  equal  dimensions,  accurately  cut^  and 
resting  on  three  similar  stonea  at  right  angles  with  those  un- 
der ground ;  the  latter,  I  thinks  supported  by  the  solid  rock, 
levelled  for  their  reception. 

The  pedestal,  of  a  single  st<me,  was  nme  feet  high,  and  I 
think  seven  feet  wide ;  for  I  distinctly  recollect  the  base  of  the 
shaft,  to.  have  been  six  feet  diameter*  An  excavation  of  that 
exact  diameter,  was  made  in  the  summit  of  the  ped^tal^  of 
about  three  inches  deep,  for  the  reception. of  the  base;  which 
excavation,  with  a  ledge  or  bordto,  of  about  six  inches  wide, 
between  the  shaft,  and  the  exterior  of  the  pedestal,  would 
make  up  the  seven  feet 

According  to  my  recollection,  the  length  of  the  shaft  is  not 
quite  60  feet ;  but  as  every  otiber  person  who  has  been  refer- 
red to,  states  it  from  memory^  ab  70  feet  at  the  least,  the  point 
qan  only  be  determined  by  actual  measurement. 

I  well  recollect,  that  the  first  stone  quarried  for  the  puipose 
WAS  84  f^et^  and  that  it  was  moved  a  few  yards.  It  was  bro- 
ken by  an  explosion  of  gunrpowder,  intended  to  split  a  de- 
tached stone,  which  stood  in  the  line  of  its  intended  removal, 
^nd,  as  the  workmen  erroneonsly  supposed,  sufficiently  distant, 

not 
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not  to  affect  the  shaft  by  the  concussion  of  the  air.  The  diffi- 
culty, however,  which  they  found,  in  giving  a  slight  degree  of 
motion  to  this  mass,  determined  the  Dewan  to  contract  his 
views,  regarding  the  height  of  the  obelisk. 

The  column  was  quarried  about  two  miles  from  the  place 
where  it  was  erected.  In  the  process  of  quarrying  granite, 
two  methods  are  employed.  ' 

First  method. — The  workman  looks  for  a  plain  naked  sur- 
face of  sufficient  extent,  and  a  stratum  of  the  proper  thick- 
ness, sufficiently  near  the  edge  of  the  rock,  to  facilitate  the 
separation,  or  made  so,  by  previous  trimming.     (I  do   not 
speak  of  strutted  granite,  from  any  disrespect  to  the  re* 
ceived  doctrines  of  geology,  but  because  I  know  of  no  other 
term  to  indicate  the  sort  of  division  in  question.      I  have 
repeatedly  seen  quarriers  at  work,  on  extensive  strata,  of  vari^ 
ous  degrees  of  inclination,  and  different  thickness,  from  six 
inches  to  eight  feet)     The  spot  being  determined,  a  line  is 
marked  along  the  direction  of  the  intended  separation ;  and  a 
groove  of  about  two  inches  wide,  and  the  same  depth,  is  cut 
with  chisels,  or  if  the  stratum  be  but  thin,  holes  of  the  same 
dimensions,  at  a  foot  and  a  half,  or  two  feet  distance,  are  cut 
along  the  line.     In  either  case,  all  being  now  ready,  a  work- 
man, with  a  small  chisel,  is  placed  at  each  hole  or  interval, 
and,  with  small  iron  mallets,  the  line  of  men  keep  beating  on 
the  chisels,  but  not  with  violence,  from  left  to  right,  or  from 
right  to  left ;  this  operation,  as  they  say,  is  sometimes  contin 
nued  for  two  or  three  days,  before  the  separation  is  effected^ 
Those  who  have  observed  the  mode  of  cutting  (^s  it  is  called) 
plate-glass,  will  not  be  surprised  at  their  beating  from  one 
end,  and  the  fissure  also  taking  place,  from  one  end  to  the 
other.     This  is  t^e  mode  by  which  the  stone  in  question  was 
separated. 

VQL.  IX.  p-  II,  ^  V  Second 
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Second  method.-^^A  groove  or  line  of  holes  being  e£Sected  as 
above,  a  narrow  line  of  fire»  of  bratties  (cakes  of  dried  cow« 
dung)  is  made ;  and  when  the  line  of  rock  has  been  thus  tho- 
roughly heated,  a  line  of  men  and  women,  with  pots  full  of 
cold  water,  suddenly  sweep  off  the  ashes,  pour  ike  water  on 
the  heated  line,  and  the  rock  immediately  splits,  but  not  so 
correctly  as  by  the  former  process,  which  makes  a  cut  as  clean 
as  that  of  a  plate-glass  manufacturer ;  but  the  last  method,  as 
the  cheapest,  is  employed  where  great  exactness  is  not  Requi- 
site. It  is  peihaps  Hannibal's  method,  and  physical  reasons 
are  not  wanting  for  the  conjecture,  that  vinegar  might  possibly 
be  found  more  effective  than  water,  not  for  softening,  but  for 
rending  heated  rocks. 

The  obelisk  was  first  blocked  out  in  the  rough,  to  lighten  it, 
before  being  placed  on  its  carriage,  by  means  which  will  easi- 
ly be  conceived,  after  describing  those  used  for  its  erection. 
The  carriage,  after  repeatedly  sinking  into  the  hard  road,  as 
into  a  swamp,  was  ultimately  moved,  over  a  succession  of  balks 
of  timber,  placed  for  its  support.  Granite  is  so  excessively 
brittle,  that  it  was  thought  hazardous  to  employ  draught  cattle, 
or  any  power  less  manageable  than  that  of  men  j  and  the  num- 
ber employed  at  one  time,  on  the  drag-ropes,  a^  well  as  I  can 
venture  to  say,  from  the  picture  left  on  my  memory,  was  about 
600  men.  The  operation  of  removing  it  was  extremely  tedi- 
ous ;  but  I  cannot,  from  recollection,  answer  your  inquiries 
with  regard  to  the  exact  time,  or  the  expence^  of  the  different 
parts  of  the  process. 

To  shorten  my  description,  I  must  anticipate  a  little,  by  re- 
questing you  to  conceive  the  shaft  finished,  and  placed  ready 
for  erection,  in  a  horizontal  position,  raised  to  the  proper 
height,  and  with  its  base  accurately  placed  for  insertion  in  the 
top  of  the  pedestal,  when  it  should  attain  a  vertical  position. 

Then 
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Then  imagine  a  strong  wall,  bnilt^  at  right  Migles  with  the  line 
of  i^e  shafts  and  a  few  feet  beyond  its  smaUer  end ;  with  two 
lateral  retaining  walls,  parallel  to  the  shaft,  and  a  fourth,  of 
smaller  elevation,  near  the  pedestal,  to  pkupport  the  mass  of 
earth,  And  the  workmen  to  bj$  employed.   On  such  a  platform, 
raised  XOi  fe^jt,  you  will,  i^  the  first  instance,  conceive  the 
i^aft  to  be  horisoqtally  arranged    Twp  lines  of  timber,  plank 
or  balk,  .were. then  ranged  along  th^  twa  sides  of.  the  shaft,  to 
serve  as  fulcra,,  and  two  lines  of  men,  with  hand-spikes,  attend- 
ed by  others  ready  with  chocks,  or  .pieces  of  timber,  of  differ- 
ent thickness,  to  be  inserted  mider  the  ^aft,  for  the  purpose 
of  keeping  the  elevation  of  the  smaller  end,  effected  by  the 
hand-spikes,  and  distributing  the  pressure  so  equally,  as  not  to 
risk  the  accidents  whic^  would  otherwise  be .  inevitable,  with 
thi»  very  fragile  substance.     lit  proportion  as  elevation  was 
thus  gradually  obtained  for  the  smaller. end,  the  space  below 
was  filled  with  rammed  earth,  «ul  the  same  process;  was  re- 
peated, with  the  parallel  balks  of  timber,  .handfSpikes,  and 
diocks:  the  small  end  gradually  rising  at  each  successive  step, 
the  wall  behind  increasing  in  iieight,jiand  mi  Inclined  plane  of 
solid  earth  gradually  inoreasiikg.itsiBng^widi  the  horiaon,  un- 
til it  eqiialled  that  at'  which,  solid  earth  could  with  safety  be 
employed :  when  the  forte  required' being  proportionally  dimi- 
nished, timber  aloiie  was  employed  for  its  elevation.    Finally, 
a  scaffolding  of  timber  was  erected;  embracii^. three  sides  of 
the  pedestal,  and  nearly  equal  to  the  ultimate  height  of  the 
obelisk ;  ropes  were  applied  to  the  summit  of  the  shaft,  in 
such  directions  as  to  steady  and  check  it ;  hand-spikes  gave  the 
requisite  impetus,  until  it  felt  the  power  of  the  ropes,  and  was 
ultimately,  and  safely  lodged,  in  its  shallow  receptacle. 

There  was  one  part  of  the  process,  which  greatly  arrested  my 
attention,  from  its  extreme  simplicity.  I  was  satisfied  with  the 

»  r  St  meana 


Digitized  by 


Google 


SI 4  ACCOUNT  OF  THE  ERECTION  OF  A  GRANITE 

means  taken,  for  insuring  a  true  horizontal  sur&ce,  for  the  base 
of  the  shaft ;  but  its  stability  entirely  depended,  on  equal  accu- 
racy, in  the  surface  of  its  receptacle,  on  the  summit  of  the  pe- 
destal ;  and  seeing  no  mode  by  which,  with  their  rude  instru- 
ments, this  object  was  to  be  attained,  I  so  far  departed  from 
my  first  intention,  as  to  offer  them  a  spirit-level,  and  instruc- 
tions for  its  use.  They  quickly  understood  and  admired  the 
contrivance,  but  were  afraid  of  venturing  on  new  methods ; 
their  own  was  (as  they  affirmed)  more  slow,  but  equally  cer- 
tain, and  they  invited  me  to  inspect  it  The  surface  was  rub- 
bed clean  and  dry,  and  some  water  was  dropped  on  it;  the 
water  ran  !  "  You  «ee"  (said  the  engineer)  **  the  high  and  the 
^^  low.*^  He  dried  up  the  water,  and  applied  the  chisel  to  the 
higher  portion  of  the  surface,  and,  by  the  patience  and  perse- 
verance of  several  days,  the  surface  was  perfectly  polished,  and 
a  drop  of  water  remained  stationary  wherever  it  was  placed. 

The  whole  obelisk  received  a  very  fair  degree  of  polish  from 
corundum.  A  piece  of  plank  is  overspread  with  the  sort  of  ce- 
ment, used  for  setting  sword-blades  in  their  handles :  while  this 
substance  is  still  liquid,  it  is  mixed  and  powdered  over,  with 
pulverised  corundum,  (reduced  to  a  coarse  or  fine  sand,  ac- 
cording to  the  purpose  for  which  it  is  intended),  and  lefl  to 
dry  in  the  sun.  These  planks,  weighted  over,  are  then  uised, 
like  the  slabs  of  the  stone^polisher  in  England.  The  knife- 
grinders  wheel,  as  you  probably  know,  is  made  of  the  same 
materials. 
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Inscription  an  the  Pedestal. 

Erected  to  the  memory  of 
JOSIAH  WEBBE,  Esq. 

BY 
PURNEAH  DEWAN, 

A  tribute  of  respect  and  veneration^ 

For  splendid  talents, 

Unsullied  purity. 

And  eminent  public  virtue. 


No  tribute  to  public  merit  was  ever  more  spontaneous  and 
sincere ;  and  the  inscription  was  made  as  exact  a  transcript  as 
possible  of  the  avowed  sentiments  of  the  extraordinary  Bra-- 
min  Minister,  by  whom  the  obelisk  was  raised. 

It  is  obvious,  that  the  mode  of  erecting  a  column  must  be 
very  different  from  that  of  raising  the  immense  stones  which 
we  see  in  the  walls  of  Indian  temples.  These  stones  are  mo- 
ved, end  foremost,  up  an  inclined  plane  of  solid  earth,  of  as 
small  an  angle  with  the  horizon  as  circumstances  admit,  to  the 
spot  which  they  are  to  occupy  in  the  wall.  Long  bamboo 
poles,  lashed  to  the  stone,  at  right  angles  with  its  length,  and 
at  such  distances  as  merely  to  admit  the  efforts  of  rows  of  la- 
bourers between,  constitute  the  cAief  means  of  propelling  it,  by 
main  force,  up  the  inclined  plane ;  and  its  ascent  is  facilitated, 
by  means  of  rollers  of  small  diameter,  successively  introduced 
under  the  stone,  and  prevented  from  sinking  into  the  earth, 
by  rows  of  planks  placed  on  each  side  of  the  stone,  parallel  to 
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the  line  of  ascent  Wh^  it  has  ascended  the  desired  height, 
it  is  twisted  horizontally  round,  by  ^indilar  means,  into  its  de- 
stined position. 

If  I  have  any  where  been  unsuccessful  in  making  my  de- 
scription intelligible,  I  shall  be  happy  to  give  any  farther  ex- 
planations in  my  power.     I  am,  &c. 

M.  WiLKS. 

To  Dr  Kennedy,! 
Edinburgh.      -^ 


XXIIL 


Digitized  by 


Google 


XXIIL  Account  of  a  Remarkable  Structure  in  Apophyllitey  with 
Observations  on  the  Optical  Peculiarities  of  that  Mineral. 
By  David  Brewster,  LL.  D.  F.  R.  S.  Lond.  &  Sec.  R.  S. 
Edin. 


(Read  2lst  April  1817,  5th  March  and  IVh  December  182L 


I  HE  variety  of  Apophyllite  to  which  I  have  given  the  name 
of  Tesselite'^j  from  the  beautiful  combination  of  tesselae  which 
it  exhibits  in  polarised  light,  is  oi;ie  of  the  most  singular  sub- 
stances in  the  mineral  kingdom.  The  agency  of  that  species 
of  light,  indeed,  seemed  necessary  to  the  developement  of  its 
peculiar  structure ;  but  I  have  since  succeeded  in  confirming 
and  extending  my  former  results,  by  the  application  of  the  mi- 
croscope; and  have  been  led  to  observe  several  new  pheno- 
mena, which  not  only  throw  much  light  on  the  structure  and 
properties  of  this  curious  mineral,  but  which  affect  the  funda- 
mental principles  of  crystallography. 

The  tesselated  Apophyllite  from  Faroe  crystallises  in  right 
rectangular  prisms,  with  flat  summits,  which  generally  exhibit 

at 


*  My  first  experiments  on  Apophyllite  are  published  in  the  Edinburgh  Philo' 
^opkicalJaurnalf  vol.  i  p«  1* 
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at  the  angles  very  minute  truncations,  inclined  120^  to  the 
edges  of  the  prism  *,  or  ISO"  to  the  summit  The  sides  of  the 
rectangles  are  nearly  equal,  and  are  commonly  about  ^V*^^ 
of  an  inch,  while  the  length  of  the  prism  seldom  exceeds 
2|th  tenths  of  an  inch.  The  four  faces  of  the  prism  have 
an  irregular  surface,  with  longitudinal  strise,  but  are  high- 
ly polished  ;  while  the  flat  summits  display  an  inferior  lustre, 
and  are  variegated  with  the  pearly  tints  which  have  given  to 
this  mineral  one  of  its  most  common  names  fy  ^nd  which  arise 
from  the  imperfect  contact  of  the  elementary  laminae.  These 
laminae,  whose  surfaces  are  perpendicular  to  the  axis  of  the 
prism,  may  be  easily  separated,  to  any  degree  of  thinness,  by 
applying,  with  the  hand,  the  edge  of  a  sharp  knife  or  lancet ; 
and  it  is  no  doubt  owing  to  the  laminated  structure,  and  to  the 
imperfect  surfaces  of  the  laminae,  that  a  dilute  acid,  which  will 
not  corrode  the  polished  faces  of  the  prism,  will  act  freely  on 
its  less  resisting  summits. 

When  we  remove  the  uppermost  slice  from  each  of  the  two 
summits  of  the  crystal,  to  the  thickness  of  the  100th  of  an 
inch  or  more,  and  examine  it  either  by  the  microscope  or  by 
polarised  light,  we  perceive  no  tesselated  structure.  A  num- 
ber of  veins  appear  at  the  edges  MO,  ON,  NP,  PM,  as  shewn 
in  Platb  XX.  Fig.  1.,  or  at  A,  Fig.  2.  and  these  veins  gradu- 
ally diminish  in  number  the  nearer  we  come  to  the  summit,, 
though  they  never  disappear. 

If  we   now  remove   the   next   slice,   and   all   subsequent 
slices,  between  the  two  summits,  we  shall  find  that  they  exhi- 
bit 


•  Hauy  makes  this  angle  IIT  48', 

•|-  Ichthyophthalmite,  or  Fish-Eye  Stone.    These  pearly  tints  occur  only  In  oikc 
Tariety  of  the  Tesselite, 
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bit  by  the  microscope^  under  favourable  circumstances  of  illu- 
mination, tbe  beautiful  figure  reinresented  in  Fig.  1,  and  2.   The 
outer  case  MONP,  Fig.  1.  which  binds  the  interior  parts  toge- 
ther, is  composed  of  a  great  number  of  parallel  veins,  which,  from 
their  minuteness,  di^lay  the  colours  of  striated  surfaces.   This 
external  coatjng  envelopes  no  fewer  than  nine  separate  crystals, 
viz.  the  central  lozenge  abcd^  the  four  prisms  A,  B,  C,  D, 
with  trapezial  bases,  and  the  four  triangular  prisms  e  A  f,  Imn^ 
nkg^  gfe^  all  of  which  are  separated  from  one  another  by 
distinct  veins.     The  inflected  lines  eA/,  /m»,  nkg,  gfe^  are 
most  easily  seen  by  the  microscope.     The  central  lozenge  is 
seen  much  less  frequently,  and  the  radial  lines  A  a,  c  Ar,  /cf, 
b  m,  require  a  particular  mode  of  ill«mination  to  be  distinctly 
recognised.     The  colours  displayed  by  one  of  these  plates, 
'  when  crossed  with  an  uniform  plate  of  sulphate  of  lime,  having 
a  polarised  tint  of  a  blue  colour,  is  shewn  in  Plate  XXI.  Fig.  2. 
In  some  plates  the  whole  of  the  triangular  space  efgy  I^ate  XX. 
Fig.  1.  has  the  same  colour  and  structure  as  A  ;  ^A:n  the  same 
as  C,  and  so  on ;  while,  in  other  plates,  part  of  the  veined 
border  bdonging  to  A,  has  the  colour  and  structure  of  C ;  but 
the  most  common  effect  is  that  shewn  in  Fig.  2.  of  Plate  XXL 

In  order  to  discover  if  there  was  any  form  intermediate  be- 
tween the  summit  plate  and  the  tesselated  laminas,  1  have  cut 
up  various  crystals,  but  have  not  been  able  to  observe  a  gra- 
dual transition  from  the  one  stracture  to  the  other.  It  must, 
therefore,  take  place  either  per  sakum  *,  or  the  one  must  pass 
into  the  other  by  a  curve,  whose  vertical  branch  is  less  than 
the  200th  or  300th  of  an  inch.  . 

VOL.  IX.  p.  u.  8  s  Although 


*  More  recent  obaervatioiiB  have  proved  this  to  be  the  otae,  as  will  be  sem  in  a 
iubsequent  part  of  this  paper. 
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Akhoiigh  I  have  examined  some  htmdied  crystals  of  this 
variety  of  Tesselite,  I  have  never  yet  found  one  which  was  tran- 
fl|>ar^it  across  the  faces  of  the  prism,  or  which  could  be  de- 
tached from  its  bed  in  a  complete  state.  The  second  or  third: 
plate  is  often  very  tr^isparent ;  but  the  indpieot  s^iaration  of 
the  laminas  which  produces  the  pearly  lustre^  renders  it  im- 
practioiU>le  to  examine  the  structure-  q£  the  cryrtal  across  the 
faces  of  the  prima.  In  one  specimen^  hawev«  I  succeeded 
so  far  as  to  determine  *^  that  in.it,  ^  and  in^geveral  of  the  Pjf-^ 
^  ranUdal  cryHah^  the  maximum  tint  decidedly  varied  in  dif- 
^  ferent  parts  of  the  length  of  the  prism,  so  as  to  produce  a 
^  mco€$mm  of  coloured  bmnds  at  the  tame  thkhten  f/' 

-  A 


*  See  £tftft^r^  PAi^fopAieaJ/cmrna/,  Tol.  i.  p:  £. 

f  In  w^nigeiiioua  menunr,  ^^  Oa  certain  lemodcable  instances  of  deviation  from 
^^  Newton^s  a(^e,  in  the  tints  developed  by  crystak  with  one  axis  of  double  refirac- 
*<  tioiiy  on  exposure  to  polarised  light,^pubKshed  in  the  TroMoctiom  of  the  Cam- 
hriige  Philoscphkal  Sdciefyj  yrA.  i ;  tmd  reprinted  in  the  Edinburgh  Philasophicai 
JSEwmoi  .wk  iv;  p.  8aA;^aid  vol.  v.  p^'SM^  Mr  Hsrsghsl  kas,  I  tliink,  mis- 
•ooooved  the  fullimportm  this  esyeriment^  *^  Tlu8^t»nMi(tH]p,''8a3nihe»  *^or 
superposition  of  laminae  of  different  polaridng^pgwer%is  no  hypothetical  case.  I 
have  observed  its  occurrence  not  only  in  the  instance  b^ore  us,  .but  in  othier  crys- 
lab  of  feffectiregalarity  r^  their  ext^nal  formsb  Dr  Bhevstsr  has^  also  observed 
flBitamMm.r€fhnM$  i^  Upon  re-- 

exaroinisg  tha  passage.  i«  fof  fvpatiJtk  Hxnouti  iaU»  I  aai  Bive^^^agree^indi 
me  in  thinking,, th^t  the  phaaomena.which  I  observed  am  not  oaerely  i!efehdb)e 
to  that  principle,  but  are^  a  complete  demomtration  of  it,  .and  distinctly  prove, 
ttuit  inseveial  crystals  there  were  as  many  ^^  laminae  of  different  polarising 
^  powers,^  as  th^«  were  ^  successicms  -fsi  coloured-  bands-  at  the  same  thick- 
^  aess^*  ^n^e  crystals,. indeed,  kjS  tha  iqpedmen  whidi  I  employed,  were  the 
upper  portions  of  those  represented  vtk  Plate  XXI.  Fig.  1;  The  bending  and  in- 
equalitiescf  the  &inges,  too,  whkh  I  Jiave  described,  and  represented  in  Fig.  7. 
of  my  |brmer  paper,  establish  in  the  clearest  manner  the  alternation,  as  well  as  the 
,  «f  ^dtfeent  -pdbarinDg  powers  tft  the  planes  parallel  to  the  iaces  of  tbe^> 
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A  general  idea  of  the  stnicture  of  this  variety  of  Apophyt- 
lite,  may  be  obtained  from  Fig.  2.,  where  A  and  B  are  the  ter- 
minal laminae,  raised  up  in  order  to  shew  the  te58el^;ed  straeu 
4;ure  of  the  intennediate  portion  of  the  prism. 

The  fine  tran^Murent  pyramidal  crystals  which  are  found  in 
Iceland,  as  well  as  in  Faroe,  pos6€»s  a  tesselated  structure^ 
which  differs  in  sevecal  respects  from  that  of  ^  qiHudrangulaF 
prisms.  Tlie  arrangement  of  the  tessd^e  is  shewn  in  Fig.  3»v 
but  the  border  ABCD,  which  is  seen  only  uader  &tvourable  cir^ 
cumstances  of  illumination^  appears  to  be  composed  of  lines  or 
parts  at  right  angles  to  the  sides  AB^  BC,  &c  ;  and  the  pohiri- 
sing  force  of  the  borders  is  extremely  weak.  In  order  to  observe 
how  the  tesseke  varied  in  different  parts  of  the  crystal^  I  took 
one  of  the  largest  I  could  obtain,  and  cut  it  into  four  different 
slices.  No  part  of  the  substance  was  revH^^ed  by  ^nding  or 
polishing,  so  that  I  examined  the  structure  of  the  plates  as 
they  were  detached  in  succession  from  the  sunmik  of  the  crys^ 
tal :  The  phenomena  which  they  displayed  are  shewn  in  Figs,  4v 
Si  6^7;  ^9;  Figs.  4,6^  8r,  containing  the  appearanoes  when  tbe 
sides  of  the  crystal  were  in  the  pkne  of  primitive  polarisaticn  ; 
and  Figs.  5, 7,  aitid  9^  when  they  #are  inclined  45^  to  it  Ilie 
Figs«  4,  and  5»  exhibit  the  teasela^  in  the^st  and  second  slices  of 
the  crystal,  which  had  nearly  the  same  structure.  In  Figs.  6,. 
«id  7«,  the  figure  rahibited  by  the  third  sUoe  is  shewn.  1^ 
angles  display  a  veined  stntctnre  when  examined  by  the  mi-» 
croscope;  and,  whstt  is  very  remarkable^  there  aire  tw6 
central  squares ;  the  itttetiof  cme  bebg  muc^  darker  tk»n  the 
Qthw,  and  havivg.  one  aaus  of  double  refraction^  while  the 
irther  exhibits  the  effect  of  two  axes,  as  if  the  axis  in  the  plane 
of  the  laminas  had  a  less  polarising  force  than  the  correspond^ 
mg  one  for  the  rest  of  the  plate.  This  effect,  however,  is  likely 
to  arise  firom  the  Juxt^positicmof  two  contiguous  laminsp,  aic  d 
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and  cdef^  Fig.  10.,  the  one  of  whidi  has  ito  central  loz^age  n 
greater  than  the  lozaige  m  of  the  other.  Hence  it  follows,  that 
the  compound  plate  will  produce  such  an  efiect,  that  the  parts 
of  the  lozenge  n  surrounding  m  will  appear  to  have  two  axes 
of  double  refraction,  while  the  effect  is  actually  produced  by 
the  biaxal  structure  round  the  lozenge  m  of  the  lipper  plate 
abed.  In  the  fourth  slice,  represented  in  Figs.  8  and  9.,  the 
four  veined  angles  now  meet  one  another,  and  surround  the 
tesselae  with  only  one  central  lozenge.  The  slice  from  below 
this,  or  thejifth^  exhibited  a  very  iriegular  structure. 

When  all  the  four  slices  were  together,  they  distinctly  pro- 
duced the  tesselated  structure  shewn  in  Fig.  3.  Theh^  united 
thickness  was  0.12.of  an  inck 

When  the  crystal  was  examined  across  two  opposite  surfaces 
of  the  pyramid,  it  exhibited  the  fringes  shewn  in  Fig.  7.  of  my 
former  paper,  and  in  Fig.  II.  of  the  present  one;  the  fringes 
being  all  bent  as  they  approached  the  edges,  where  they  be- 
came serrated,  which  proves  that  the  polarising  force  of  the 
outer  coats  is  less  tha&  that  of  the  interior  ones,  and  that  the 
different  coats  near  the  edges  have  an  alternation  of  different 
polarising  powers  *.  Near  the  base  of  one  of  these  pyramids, 
as  shewn  in  Fig.  11.,  the  curves  which  had  been  convex  towards 
the  summit  became  concave  in  the  middle,  tfiough  they  still 
retained  their  convexity  at  their  junction'  with  the  serrated 
portions,  so  as  to  have  the  form  of  curves  of  contrary  flexure. 
Another  ciystal  from  Faroe'  produced  the  opposite  eflS^ct,  as^ 
i^resented  in  Fig.  12. ;  the  isochromatic  lines  being  now  con- 
cave towa(rds  the  summit,  and  displajring  a  very  rapid  variation 


♦  Sisie  Edinburgh  Philosophical  Jburnaly  vol.  i.  p.  4.,  and  Plate  I.  Plg:t., 
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of  curvatore.  In  this,  specimen^  the  isocbromatic  Knes  are  all 
curves  of  contrary  &xiirG»  and  there  is  only  a  small  portion  of 
them  serrated,  between  their  acute  convex  summits,  and  the 
fiices  of  the  pyramid.  When  some  of  the  Faroe  pyramids  are 
examined  with  high  powers,  and  by  light  transmitted  exactly 
parallel  to  their  faoes,  we  may  recognise  frequently  three,  and 
somethnes  more  minute  veins  parallel  to  each  face,  as  repre- 
sented m  Fig.  11.  In  these  veins,  the  doubly  refracting  and 
polarising  forces  sufier  an  instantaneous  change,  and  portions 
of  the  isochromatic  curves  are  displaced,  and  thrown,  as  it  were, 
towards  the  summit  of  the  pyramid,  exactly  like  the  dislocations 
and  dips  which  take  place  in  strata  of  coal. 

Among  the  pyramidal  crystals  from  Faroe  which  Major  Vsr- 
TERSEN  was  so  good  as  to  present  to  me,  there  was  one  of  un- 
usual magnitude,  and  of  a  yellowish  tinge,  which  had.  a  num- 
ber of  additional  fiicets,  as  represented  in  Fig.  13.  These  fa- 
cets, shewn  at  o  and  p^  were  all  inclined  ISfT  to  the  summit 
plane.  In  a  great  number  of  the  Iceland  crystals,  I  have  ob- 
served four  pair  of  very  singular  rounded  planes,  replacing  the 
angles  of  the  rectangular  prism.  These  planes,  which  are  al* 
ways  rough,  with  a  certain  degree  of  polish,  are  shewn  at  m,  n 
in  Fig.  13.,  and,  with^  the  other  faces,  constitute  a  twelve- 
sided  prism  of  a  very  unusual  kind ;  the  mean,  inclination,  of 
the  roimded  faces^  being  about  150^ 

Among  the  various  forms  in  whidi  the  Apophyilite  occurs,: 
there  is  one  from  Faroe  of  a  v»y  interesting  nature.  The 
crystals  have  a  greenish-white  tinge,  and  ^  are  aggregated  to- 
gether m  masses..  The  quadrangular  prisms  are  in  general 
below  one-titrelfth  of  an  inch  in  width;  they  are  sdwayi  unpo- 
lished on  their  terming  planes  v  they  have  the  angles  at  the 
summit  more^  de^]y  truncated  than  the  other  quadrangular 
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prisms  from  Faroe;  tbey  are  always  pedeody  traiMpBreiit) 
and  may  sometimes  be  detached  ia  a  conplele  state,  wiA 
both  their  terminal  summits. 

In  examining  this  variety  of  Apophyllite^of  vhioli  I  iroa  fik- 
voured  with  a  very  fine  «pecimai  irom  the  oceeflent  aibmtt 
of  Dr  Macdonald,  I  was  enabled,  by  the  perfiecti<»  of  the 
crystals,  to  study  thar  structure,  thiough  die  aatund  {Janes,  and 
at  right  angles  to  their  axes.  The  phenomeBa  which  tins  inves- 
tigation presented  to  me,  were  of  a.  very  siagular  and  unex- 
pected nature.  In  symmetry  of  fbm,  and  spleodonr  of  colour* 
ing,  they  far  surpassed  any  of  the.  optical  aneaogeanBta  that  i 
had  seen,  while  they  denreloped  a  singidar  complexity  of  atnio* 
tore,  and  indicated  the  existence  of  aew  laws  of  mineral  orga- 
nisation. 

When  a  complete  crystal  of  this  variety  of  A{M^liyJJiite  is  i 
posed  to  polarised  ll^it,  with  ita  axis  indiiied  45°  to  die  pla 
of  primitive  polarisation,  and  is  subsequently  ^'xwminfid  witk 
an  analysing  prism,  it  exhibits,  tjirough  both  its  pair  of  pa.. 
raUel  planes,  the  appearance  shewn  in  Hate  XXL  Fjg.  X.  lo 
turning  the  crystal  round  the  polarised  ray*  all  iJke  tiats  vaot«li« 
reappear,  and  re«eb  their  ma:$iiiuim  at  tibe  mme  time,  so  that 
they  are  not  the  result  of  any  hemitropism,  but  arise  wholly 
ficom.  a  symmetrical  comfadnaition  of  elemeiitary  erysti^  posaess'- 
ing  different  primitive  (orms,^asiddi^SatesATth»ciife  and  polar- 
ising powers.  The  difference  in  the  polarising  powers  is  well 
shewn  by  the  variBiti<m  of  tint;  aod  the  diieieDce  of  vefraetive 
power  iBay  be  observed  witbequ^  distiiictQest,  by  exmn'mk^ 
the  crystid  with  the  microsc^jpe,  <atd^  Avourable  cuBcumitaDees 
of  iUuminatioB,  wfaea  the  oudiBes  of  the  symmetrical  fi>mwi 
shewn  in  Plate  XXL  Fjg.  1.  wi3i  be  dearly  visibla. 

In  examining  the  qaleaefel  arrangement  of  tints  exhibited  i^; 
tlie  figure,  the  per£ect  symmetry  w^di  appears  19,  all  its  parts 
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is  particularly  r^naricaUe.  The  existenoe  of  the  curvilineal 
solid  in  the  centre  ;-**tbe  gradual  diminution  in  the  length  of 
the  circumscribing  pktes,  in  consequence  of  which  they  taper, 
as  it  were^  from  the  angles  of  the  central  square  to  the  trun- 
cated angles  at  the  summits ;  but,  above  al],  the  reproduc- 
tion of  similar  tints  on  eadi  side  of  the  central  figure,  and  at 
equal  distances  from  it^  cannot  fail  to  strike  the  observer 
with  surprise  and  admiration. 

The  tinta  exhibited  by  eachcrystalvary  of  course,  according 
to  its  thidoness^,  but  the  range  of  tint  in  the  same  plate,  and 
at  the  same  thickness,  generally  smiounts,  in  the  largest  crys* 
tals,  to  three  o£  the^  ordenh  6£  colours  in^  Newton's  scale; 
The  oeotral  portloir,  and  the  twored  squares^have,  in  g^ieral, 
the  same  intensity^  while  the  four  green  segments  round  the 
central  porticm,  and  some  of  the  parts  beyond  each  of  the 
red  squares,  »e  also  iaochromatic  t«  In  the  central  part,  the 
colours  bairo  ardteided' termination  ;  but  towards  the  summits 
of  the^  prism  their  outline  is  less  regular,  and  less  distinct-* 
ly  marked ;  though  this  irr^ularity  has^  also  its  counter  part 
at  the  <other  terminaticm.  A  part  of  these  irregularities  is  some* 
times  owii^  io  the  Idogitudinal  stnas  X  osi  the  natural  faces  of 

the 


^In  cnwij[iaiyig;the  pcllrauig  foroes  of  diflfierent'crysUk  of  this  vtrietj  of  Apo- 
pbjllite,  I  have  been  surprised  to  o)^erv*e  the  gr^t  dirersitj  which  €xbts  among 
diem ;  some  of  the  prisms^  which  are  only  g^^th  of  an  inch  thick^  having  a  greater 
polarisiiig  force  thu  others  which  are  ^V^h  of  an  inch  thick. 

"(•  In  some  dystals  the  two  smaller  green  segments  have  a  diffieient  tint  from 
Ae  two  larger  segments,  and  tlie  same  tint  as  the  cetttral  square. 

X  Owing  to  the  feeble  polarising  power  of  the  apophyllite,  these  superficial  irre^ 
gularhies  produce  a  I^s  degree  of  derang^^ment  in  the  tuita  than  might  have  beeiK 
sKpected..  *^iri  •!  '^r'^  »«  ^tt"Tr-.^aft{i:fri  Jvj^'j-rt->r1'^niv^t» 
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I 

the  crystal,  so  that  by  carefully  grinding  these  off,  the  beauty 
and  regularity  of  the  figure  is  greatly  improi^. 

In  order  to  ascertain  the  order  of  the  colours  pohuised  by 
the  crystal,  and  observe  in  what  manner  they  passed  into  one 
another,  I  transmitted  the  polarised  light  in  a  direction  pa^ 
rallel  to  one  of  the  diagonals  of  the  quadrangular  prism,  and 
thus  obtained,  as  it  were,  a  section  of  the  difierent  orders  of 
colours,  from  the  zero  of  their  scale.  The  result  of  this  expe- 
riment, which  is  shewn  in  Fig.  14.,  was  highly  interesting, 
as  it  displayed  to  the  eye  not  only  the  law  according  to  which 
the  intensity  of  the  polarising  forces  varied  in  diUferent  parts  of 
the  crystal ;  but  also  the  variation  in  the  nature  of  the  tints, 
and  the  .connection  between  these  two  classes  of  phen<»nena. 
At  the  points  in  the  diagonal  mn,  opposite  to  a  and  b  of  the 
crystal,  ihe  tints  rose  to  the  seventh  order  of  tK>lours;  at  other 
two  places,  opposite  to  c  and  d^  they  rose  only  to  the  sixth} 
while  near  the  summits,  at  m  and  n,  they  descended  so  low 
as  the  fourth  order.  Hence  itc  fdlows,  that  the  portions  at 
fi,  a,  have  the  maximum  polarising. force ;  that  the  four  seg- 
ments coloured  green  in  Plate  XXL  Fig*  1.,  are  next  to  these 
in  intensity;  that  the  central. portions  of  the  red  squares  are 
again  inferior  to  these  ;  and  that  the  weakest  polarising  force 
is  near  the  summits  of  the  prism.  At  a  and  b  the  4th,  5th  and 
6th  fringes,  have  a  singularly  serrated  outline,  exhibiting  in  a 
very,  interesting  manner  the  sudden  variation  which  takes 
place  in  the  polarising  forces  of  the  successive  laminae.  Al- 
though the  variation  in  the  polarising  power  of  the  succession 
of  circumscribing  plates,  is  clearly  represented  by  the  differ- 
ences of  tint  shewn  in  Fig.  1.  of  the  coloured  engraving,  yet 
the  exact  amount  of  that  variation  may  be  rendered  evident, 
by  making  the  isodbromatic  lines  cross  these  plates,  and  ob^ 
serving  the  serrated  outline  whidb  is  thus  ptoduced. 

In 
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In  some  crystals  of  this  variety  of  Apophyllite,  particularly 
in  the  smaller  ones,  the  central  portion  is  only  ^th  of  the  whole 
length  of  the  prism,  and  the  maximum  polarising  power  re- 
sides in  that  central  part  This  last  effect  is  shewn  in  Fig.  17. 
where  the  first  fringe  is  completed  in  the  form  of  a  rectangle 
enclosing  the  central  portion,  while,  in  the  other  parts  of  the 
prism,  the  tint  has  not  risen  above  the  yellow  of  the  first  order. 

Having  thus  ascertained  the  properties  of  the  prism,  when 
examined  through  its  parallel  faces,  I  proceeded  to  determine  its 
structure  at  right  angles  to  the  axis,  by  observing  the  pheno- 
mena which  the  separate  laminse  exhibited,  in  relation  to  the 
part  of  the  prism  from  which  they  were  extracted. 

The  plates  near  the  summit  of  the  crystals  are  exactly  the 
same  as  the  uppermost  slice  A,  Fig.  2.  of  the  Apophyllite  al- 
ready described.  Tlie  subjacent  plates  are  also  similar,  with 
this  difference  only,  that  the  veined  border  increases  in 
breadth,  and  is  ofit€«i  beautifully  divided  into  groups  of  veins^ 
like  the  frame  of  a  picture  ;  and  they  retain  nearly  the  same 
character  till  we  reach  the  central  figure.  At  this  point  the  in- 
flected lines  e  A  /,  &c  shewn  in  Fig.  1.  appear  within  each  of  the 
fmir  inner  sides  of  the  border ;  and  when  seen  by  polarisisd 
light,  the  slices  of  the  central  figure  exhibit  the  tesselated 
structure  shewn  in  Fig.  16.,  with  some  slight  modifications. 
It  is  very  remarkable,  however,  that  when  these  same  slices 
are  examined  with  a  microscope,  the  figure  which  they  display 
is  different  from  Fig.  16.,  and  resembles  the  structure  shewn 
in  Fig.  15.  In  Fig.  16.  some  of  the  quadrilateral  outlines 
which  form  the  border,  have  the  planes  passing  through  the 
two  axes  at  right  angles  to  those  of  others ;  from  which  it 
follows,  that  some  parts  all  round  the  border  are  luminous, 
and  others  dark,  when  th«  diagonal  is  in  the  plane  of  polarisa- 
tion, and  vice  venA  when  the  diagonal  is  inclined  AS"  to  this 
plane. 

TOLi  IX.  p.  II.  T  fc  There 
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There  is  another  variety  of  Apophyllite  from  Greenland,  of 
a  very  interesting  kind.  Sir  Chables  Giesecke',  who  kindly 
communicated  to  me  several  specimens  of  it,  discovered  it  at 
Kudlisaet  in  Disco  Island  %  and  describes  it  as  of  a  cylindri- 
cal form,  presenting  the  shape  of  a  barrel,  from  being  con^ 
traded  at  the  extremities. 

Upon  examining  some  of  the  best  specimens  of  this  mine^ 
ral,  I  find  that  each  of  the  four  curvilineal  surfaces,  by  which 
the  prism  is  contained,  often  consist  of  three  planes,  inclined 
to  one  another  at  very  great  angles-  There  is  a  distinct  trun- 
cation, too,  upon  the  angles  at  the  summit,  and  its  inclina- 
tion is  nearly  the  same  as  in  the  perfect  crystals. 

As  all  the  transparent  crystals  which  I  have  seen  of  this  mi- 
neral, are  intersected  with  diverging  groups  of  capillary  meso* 
type,  or,  more  probably,  capillary  apophyllite,  it  is  not  unlike- 
ly, that  the  usual  law  of  its  crystallisation  has  been  modified 
by  its  formation  either  at  the  extremity  of  one,  or  in  the 
middle  of  several  groups  of  these  filamentous  crystals  f. 

When  the  uppermost  slice  of  this  kind  of  Apophyllite  is  cut 
off,  it  has  only  one  axis  of  double  refraction,  like  the  same 
slice  of  the  regular  quadrangular  prisms,  and  displays  no  te«- 
selated  structure. 

The  second  slice  exhibits  a  tesselated  appearance,  which  va- 
ries in  different  crystals,  as  represented  in  Figs,  18-  and  19.  In 
both  these  figures,  the  shaded  part  has  only  one  axis  of  double 
refraction,  while  the  five  sectors  have  two  axes,  and  the  plane 

passing 

♦  See  this  Volume,  p.  270. 

f  There  we  many  examples  of  Apophyllite  having  been  depotited  upon  groups 
ot*  Needlestone ;  but  lii  these  cases,  the  crj^stal  is  not  penetrated  by  them,  bm 
merely  rests  upon  their  filaments. 

JLf  .^V 
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passing  through  the  resultant  axes  of  the  sectors  A  and  C,  is  at 
right  angles  to  the  plane  passing  through  the  resultant  axes  of 
B  and  D«  In  Fig.  18.  the  tints  gradually  increase  from  the 
centre  to  the  angles  A,  B,  C,  D,  from  the  black,  or  zero  of  the 
scale,  to  the  yellow  of  the  first  order.  In  Fig.  19.  the  tints 
are  uniformly  the  white  of  the  first  order,  which  is  immediate- 
ly followed,  upon  inclining  the  plate,  with  the  most  brilliant 
gamboge  yellow,  and  then  green  *. 

Having  thus  described  the  remarkable  structure  of  Apophyl- 
lite,  I  shall  now  direct  the  attention  of  the  Society  to  the  ge- 
neral optical  properties  of  this  mineral. 

In  the  ingenious  and  elaborate  memoir  of  Mr  Herschel,  on 
the  action  of  crystallised  bodies  on  homogeneous  light,  &c., 
read  to  the  Royal  Society  of  London  on  the  23d  Decem^ 
her  1819,  he  has  investigated  the  origin  and  nature  of  the 
tints  which  compose  the  singular  system  of  coloured  rings, 
which  I  discovered  in  Apophyllite  in  1816.  By  examining 
these  rings,  he  found  that  they  ^^  indicated  an  action  on  polari- 
sed light  very  nearly  the  same  for  all  the  colours,  being  equal 
upon  the  red  and  indigo  blue  rays,  a  little  greater  for  the  yel- 
low and  the  green,  and  a  little  less  for  the  violet  f*  and  hence 
he  accounted  for  thdse  unusual  tints  which  characterised  this 
mineral. 

In  a  subsequent  p^>er,  read  before  the  Cambridge  Philoso- 
phical Society  on  the  1st  May  1820  f,  Mr  Herschel  confirm- 
ed and  extended  these  observations.  He  found  that  the  law 
of  proportional  action  was  so  far  subverted  in  a  particular  spe- 
cimen of  Apophyllite,  that  the  periods  performed  by  a  red  ray 

T  t  2  were 


*  The  mechaniol  structure  of  the  cleavage  planes  resemUes  the  q>tical  figure 
even  after  t}»  planes  are  ground. 

f  Published  in  thdr  Transactions^  vol.  i. ;   and  in  the  Edinburgh  Philoso- 
phical Journal^  vol.  iv.  p.  834. ;  and  voL  v.  p.  S84. 
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were  shorter  than  those  passed  through  by  a  violet  one.  The 
rings  exhibited  a  complete  inversion  of  the  Newtonian  scale, 
and  the  red  rays  were  so  much  more  energetically  acted  upon 
than  the  violet,  that  the  whole  prismatic  spectrum  was  display- 
ed in  the  first  ring. 

In  a  third  memoir,  read  before  the  Cambridge  Society  on  the 
7th  May  1 821,  but  not  yet  published,  Mr  Hebschel  has  resumed 
the  subject  of  these  anomalous  actions  upon  light.  ^^  Upon  re- 
considering his  results,  it  appeared  that  these  specimens  (viz.  of 
Apophyllite,  which  produced  an  inversion  of  the  Newtonian 
scale)  could  not  be  referred  exclusively  either  to  the  class  of  at- 
^tractive  or  of  repulsive  doubly  refracting  crystals,  nor  to  the  inter- 
mediate class,  which  is  devoid  of  the  property  of  double  refrac- 
tion. They  appeared  to  belong  at  once  to  all  the  three  classes 
of  media  just  mentioned,  possessing  the  property  of  attractive 
crystals,  when  exposed  to  the  rays  forming  one  extreme  of  the 
spectrum,  and  of  repulsive,  in  their  action  on  the  other  ex- 
treme ;  while,  for  certain  intermediate  rays,  they  were  altoge- 
ther devoid  of  the  property  of  double  refraction.  Mr  Hek- 
scuEL  was  led  to  this  inference,  by  observing,  that  the  curves 
whose  ordinates  represented  the  polarising  energy,  after  ap- 
proaching very  rapidly  to  the  axis,  would  again  recede  rapidly 
from  it  on  the  same  side,  except  the  ordinates  were  supposed 
to  become  negative,  which  appeared  more  probable.  This  in- 
duced him  to  examine  the  truth  of  his  supposition,  by  mea- 
sures taken  in  homogeneous  light,  and  the  result  was  a  com- 
plete confirmation  of  the  remarkable  singularity  above  no- 
ticed*" 

Although  we  cannot  doubt  the  accuracy  of  these  interesting 
results,  yet  it  must  be  remembered,  that  the  property  which 

they 


*  Proceedings  of  the  Cambridge  PhUasophkal  Socktyy  in  the  EdkUmrgfi  Phi^ 
lo9ophicdl  Journal^  vol.  v.  p.  213. 
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they  establish  is  not  characteristic  of  any  of  the  varieties  of 
the  mineral,  but  has  been  found  only  in  a  detached  portion  of 
a  crystal.  In  order  to  ascertain  how  far  it  might  be  getieral, 
I  have  examined,  with  the  greatest  care,  numerous  specimens 
of  all  the  varietiels  of  Apophyllites,  including  those  from  Fas- 
sa,  Utoe,  Faroe,  and  Iceland  ;  but  having  effected  a  distinct 
separation  of  the  ordinary  and  extraordinary  images,  I  have 
invariably  found,  that  the  doubly  refracting  force  was  Positive 
oi'  Attractivey  like  that  of  Quartz^  whether  the  ray  was  Redy  Blue, 
or  Yellow.  We  must,  therefore,  regard  the  property  discover- 
ed by  Mr  Herschel  as  an  accidental  anomaly,  having  its  ori- 
gin in  some  peculiar  relation  of  the  polarising  forces  of  Apo- 
phyllite.  What  this  relation  is,  we  shall  now  proceed  to  con- 
sider. 

In  the  Biaxal  Apophyllite,  one  of  the  polarising  axes  mmt  be 
in  the  plane  of  the  laminse,  and  in  both  the  Biaxal^  and  the 
Uniaxal  Apophyllite,  there  appears  to  be  an  axis  perpendicular 
to  the  laminae.  As  the  form  of  the  prism  of  Apophyllite  is 
perfectly  symmetrical  in  relation  to  the  axis,  it  is  probable  that 
there  are  two  equal  and  rectangular  axes,  of  a  Positive  or  At-- 
tractive  character,  in  the  plane  of  the  laminae,  each  axis  being 
perpendicular  to  the  parallel  faces  of  the  crystal,  and  we  know 
that  there  is  a  Positive  or  Attractive  axis  at  right  angles  to  the 
laminae,  and  coincident  with  the  axis  of  the  prism  *.  The 
two  equal  Positive  axes,  which  we  shall  call  the  Horizontal  axes, 
on  the  supposition  that  the  prism  is  placed  upon  its  base,  will 
obviously  produce  a  single  Negative  axis^  coincident  with 

the 


*  I  must  refer  the  reader  to  my  paper  ^^  On  the  Laws  of  Polarisation  and 
Double  Refraction,''  in  the  PhU.  Tram.  Lond.  for  1818,  p.  231,  and  p.  245,— 
254.  for  the  grounds  upon  which  this  resolution  of  axes  is  made.  In  the  case  of 
Apophyllite,  there  are  reasons  of  a  peculiar  kind  for  supposing  the  existence  of 
three  axes. 


Digitized  by  VnOOQ IC 


S32  ON  A  NEW  STRUCTURE  IN  APOPHYLLITE,  AND 

the  other  Podiive  axis,  or  the  Vertical  one  perpendicular  to 
the  laminae,  and  the  system  of  rings  round  the  resultant  of  these 
two  axes,  will  deviate  more  or  less  from  Newton^s  scale,  ac- 
cording to  the  nature  of  the  dispersive  forces  of  the  elementary 
axes*.  Let  us  suppose  that  the  resultant  negative  vertical  axis 
has  the  samfe  action  upon  the  Yellow  rays  of  the  spectrum,  as 
the  real  positive  vertical  axis  •  but  that  it  acts  much  more  ener- 
getically upon  the  Red  extremity,  and  much  less  energetically 
upon  the  Blue  extremity  of  the  spectrum*  The  yellow  rays 
being  thus  solicited  by  equal  and  opposite  forces,  the  crystal 
will  exercise  over  them  no  polarising  energy*  The  rerf  rays 
being  subjected  to  a  greater  polarising  energy  from  the  Nega- 
tive than  from  the  Poutive  axis,  will  give  rings  corresponding 
to  the  difference  of  their  opposite  actions,  and  the  characters 
of  these  rings  will  be  Negative.  The  blue  rays,  on  the  contra- 
ry, being  much  less  energetically  acted  upon  by  the  Negative 
than  by  the  Positive  axis,  will  form  rings  proportional  to  the 
difference  of  their  actions,  and  these  rings  will  be  Positive^ 
from  the  predominating  influence  of  the  positive  axis.  In  this 
way,  a  particular  crystal  of  Apophyllite  may  exercise  over  the 
red  rays  of  the  polarised  beam  a  negative  influence ;  over  the 
blue  rays  a  positive  influence ;  and  over  the  yellow  rays  no  in- 
fluence at  all  t ;  while  it  is  the  general  character  of  the  mineral  to 
exert  an  attractive  doubly  refracting  force  over  all  the  rays  of 

the 


*  For  an  illustration  of  these  views,  the  reader  is  referred  to  my  letter  to  Mr 
HEiscHHLf  published  at  the  end  of  his  paper  in  the  Phil  Tran^.  18^0,  p.  9^*; 
and  to  Mr  HEascaBL's  paper  in  the  Traf^avtmiB  qflM  Cambridge  FhHomphiml 
Society ^  vol.  i. ;  or  in  the  Edin.  Phil.  Journal^  voL  iv,  p.  S35. ;  and  vol*  v,  p,  340. 

f  This  partial  equilibrium  of  polarising  forces  is  analogous  to  the  paradoxical 
plienomeim  of  a  compound  lens,  which,  as  I  have  elsewhere  shewn,  mav  be  con^ 
structed  so  as  to  converge  the  Bht£  rays,  diverge  the  Red  rays,  and  exercise  tw  ac- 
tion at  all  upon  the  Yellaw  ones.  That  is,  the  same  compound  lens  is  a  Piam  kn» 
in  i^ellaw  light,  a  conve:^  one  in  blue  light,  and  a  concave  one  in  red  light. 
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the  spectrum.  The  ray  of  compensation^  in  place  of  being 
yellow,  may  have  any  position  in  the  spectrum,  and  those  on 
each  side  of  it  will  afford  positive  or  negative  tints,  according 
as  the  positive  or  the  negative  axis  exercises  over  them  a  pre- 
dominating influence.  . 

This  view  of  the  polarising  structure  of  Apophyllite,  affords 
a  complete  explanation  of  the  singular  tints  which  surround 
its  resultant  axis.  Each  order  of  colours  is  as  it  were  a  resi- 
dual spectrum  *,  arising  from  the  opposite  actions  of  the  ne- 
gative and  the  positive  axis,  and  the  tints  of  which  these  orders 
are  composed,  will  consequently  vary,  according  to  the  loca- 
lity of  the  ray  of  compensation  f. 

Having  thus  described  the  structure  and  properties  of  the 
tesselated  Apophyllite,  it  becomes  interesting  to  inquire  how  far 
such  a  combination  of  structures  is  compatible  with  the  admit- 
ted laws  of  crystallography.  The  growth  of  a  crystal,  in  vir- 
tue of  the  a^regation  of  minute  particles  endowed  with  pola- 
rity, and  possessing  certain  primitive  forms,  is  easily  compre- 
hended, whether  we  suppose  the  particles  to  exist  in  a  state  of 
igneous  fluidity  or  aqueous  solution.  But  it  is  a  necessary 
consequence,  of  this  process,  that  the  same  law  presides  at  the 
formation  of  every  part  of  it,  and  that  the  crystal  is  homoge* 
neous  throughout,  possessing  the  same  mechanical  and  physi- 
cal propertieis  in  all  parallel  directions. 

The 


*  Among  the  various  residual  spectra  which  I  have  examined  in  the  course 
of  my  experiments  **  on  the  Action  of  Transparent  Bodies  upon  the  diferently 
coloured  Bays  of  Li^t,^,  there  are  many  among  the  polarised  rings  whtcb  hav^ 
exactly  the  sa^ne  tint;  and  tliere  are  some  which  resemble  as  nearly  as  possible 
those  in  Apophyllite.     See  Edinburgh  TraiMaationSy  vol.  viii,  p.  1. 

f  The  |ireceding  explanation  may  be  presented^  in  a  more  brief  form»  by  stating 
that  the  specimen  of  Apophyllite  in  question  had  three  positive  rectangular  axes, 
which  were  in  equilibrium  only  for  the  yellow  rays  of  the  spectrum.  See  PhU^ 
Tra$^.  1818,  p.  256. 
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The  tesselated  Apophyllite,  however,  could  not  have  been 
formed  by  this  process.  It  resembles  more  a  work  of  art,  in 
which  the  artist  has  varied,  not  only  the  materials,  but  the  laws 
of  their  combination. 

A  foundation  appears  to  be  first  laid  by  means  of  an  uni- 
form homogeneous  plate,  the  primitive  form  of  which  is  pyra- 
midal. A  central  pillar,  whose  section  is  a  rectangular  lozenge, 
then  rises  perpendicularly  from  the  base,  and  consists  of  simi- 
lar particles.  Round  this  pillar  are  placed  new  materials,  in 
the  form  of  four  trapezoidal  solids,  the  primitive  form  of  whose 
particles  is  prismatic,  and  in  these  solids  the  lines  of  similar 
properties  are  at  right  angles  to  each  other.  The  crystal  is 
then  made  quadrangular  by  the  application  of  four  triangular 
prisms  of  unusual  acuteness.  These  nine  solids^  arranged  in 
this  Symmetrical  manner,  and  joined  by  transparent  veins,  per- 
forming the  functions  of  a  cement,  are  then  surrounded  by  a 
wall,  composed  of  numerous  films,  deposited  in  succession, 
and  the  whole  of  this  singular  assemblage  is  finally  roofed  in 
by  a  plate  exactly  similar  to  that  which  formed  its  founda- 
tion. 

The  second  variety  of  the  Tesselated  Apophyllite  is  still 
more  complicated.  Possessing  the  different  combinations  of 
the  one  which  has  just  been  described,  it  displays,  in  the  di- 
rection of  the  length  of  the  prism,  an  organisation  of  the  most 
singular  kind.  Forms  unknown  in  crystallography  occupy  its 
central  portion,  and  on  each  side  of  it  particles  of  similar  pro- 
perties take  their  place,  at  similar  distances,  now  forming  a 
zone  of  uniform  polarising  force,  now  another  increasing  to  a 
maximum,  and  now  a  third,  descending  in  the  scale  by  regu- 
lar gradations  ^  The  boundaries  of  these  corresponding,  though 
distant  zones,  are  marked  with  the  greatest  precision,  and  all 
their  parts  as  nicely  ac^usted,  as  if  some  skilfiil  workman  had 

selected 
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selected  the  materials,  measured  the  spaces  they  were  to  occu- 
py, and,  finally,  combined  them  into  the  finest  specimen  of  na- 
tural Mosaic 

Those  irregularities  of  crystallisation  which  are  known  by 
the  name  of  Made  or  Hemitrope  forms,  and  those  compound 
groups  which  arise  from  the  mutual  penetration  of  crystals, 
are  merely  accidental  deviations  from  particular  laws,  which  go- 
vern the  crystallisations  in  which  they  occur.  The  aberrations 
themselves  testify  the  predominance  of  the  laws  to  which  they 
form  exceptions,  and  they  are  susceptible  of  explanation  by 
assuming  certain  polarities  in  the  integrant  molecules.  -  The 
compound  structure  of  the  Apophyllite,  however,  cannot  be 
referred  to  these  capricious  formations.  It  is  itself  the  result 
of  a  general  law,  to  which  there  are  no  exceptions,  and  when 
more  deeply  studied,  and  bettet  understood,  it  must  ultimate- 
ly lead  to  the  introduction  of  some  new  principle  of  organisa- 
tion, of  which  crystallographers  have  at  present  no  concep- 
tion. 

Tlie  difficulty  of  accounting  fi>r  the  formation  of  Apophyl- 
lite, is  in  no  way  diminished,  by  giving  the  utmost  licence  to 
speculation.  We  cannot  even  avail  ourselves  of  the  extrava- 
gant supposition  of  a  crystalline  embryo,  which,  like  that  of 
animal  and  vegetable  life,  gradually  expands  to  maturity. 
The  germ  of  plants  and  animals  is  nourished  by  a  series  of  or- 
gans, of  which,  however  recondite  be  the  operation,  we  yet  see 
the  action,  and  witness  the  efiects  ;  but,  in  the  architecture  of 
Apophyllite,  no  subsidiary  organs  are  seen.  The  crystal  ap- 
pears only  in  its  state  of  perfection ;  and  we  are  left  to  admire 
the  skill  which  presided  at  its  formation,  and  to  profit  b^  the 
instruction  which  is  ao  impressively  ccHiveyed  by  sadi  n^jfite- 
rious  <>rgaiii8ation& 

VOL.  rt.  *•  It.  t;  to  BE- 
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DESCRIPTION  OF  THE  PLATES. 

Plats  XX. 

Fig.  1.  Represents  the  tesselated  structure  of  one  of  the  internal  plates  of  the  Faroe 
Apophyllite,  as  developed  in  ordinary  light  by  the  microscope,  or  as  seen  by  expo, 
sing  it  to  a  polarised  ray. 

Fig.  fL  Represents  a  complete  crystal  of  the  same  Apophyllite,  with  the  upper  and 
under  slices  lifted  up,  to  diew  the  internal  tesselated  atmcMire.  ^ 

Fig.  8.  Represents  the  tesselated  ^structure  of  the  pyramidal  crystals  of  Apophyllite 
from  Faroe  and  Iceland. 

Figs.  4,  5,  6,  7,  8,  9-  Shew  the  effects  produced  by  successive  slices,  taken  from 
<me  of  the  p3rramids  oi  Apophyllite. 

Fig.  10.  Is  a  diagram  for  explaining  the  double  central  lozenge  seen  in  Fig.  7. 

Fig.  11.  Shews  the  variation  in  the  curvatture  of  the  fringes,  or  isochromatic  curves, 
their  convexity,  as  seen  through  two  opposite  faces  of  the  pyramid,  and  the  veins 
with  which  they  are  sometimes  traversed,  with  the  slips  in  the  isochromatic  curves. 

Fig.  IS.  Represents  a  mcure  singular  variation  in  the  isochromatic  curves,  and  tbm 
concavity  towards  the  sununit,  as  seen  through  two  oppodte  faces  of  the  pyramid. 

Fig.  13.  Represents  a  complete  crystal  of  the  Iceland  Apophyllite,  with  the  new 
facets  o,  Pj  &c.  at  the  summit  of  the  pyranud,  and  of  the  six  curvilineal  and  un- 
polished planes  m,  n. 

Fig.  14.  Shews  the  form  of  the  isochromadc  curves,  as  seen  through  the  diagonal 
of  a  quadrangular  prism  of  a  transparent  variety  of  Apophyllite  fnxn  Faroe, 
the  structure,  through  its  parallel  faces,  being  shewn  in  Plate  XXI.  Fig.  1. 

Fig.  16.  Represents  the  structure,  as  detected  by  the  microscope  of  one  of  the  cen- 
tral laminae  or  slices  of  the  crystal,  shewn  in  Plate  XXI.  Fig.  1. 

Fig.  16.  Shews  the  optical  effect  produced  by  the  same  lamina  or  slice. 

Fig.  17.  Shews  the  form  of  the  first  isochromatic  curve  in  a  very  small  crystal. 

Fig.  18.  Represents  the  figure  produced  in  polarised  light,  by  an  internal  slice  of 
the  Barrel  or  cylindrical  Apophyllite  from  Greenland. 

Fig.  19.  Represents  the  figure  produced  by  a  similar  slice  from  another  specinien. 

Plate  XXI. 

Fig.  1*  Is  a  magnified  representatimi  of  the  Figure,  and  the  Tints  displayed  by  a 
complete  crystal,  of  a  particular  variety  of  Faroe  .^)ophyllite,  when  exposed  to 
polarised  lighi  The  outlines  of  the  figure  are  distinctly  seen  by  the  microscc^ 
akme,  in  ordinary  4ight    The  crystal  is  here  magnified  about  50  times. 

Fig.  2.  Shews  the  colours  produced  by  one  of  the  tesselated  laminae  of  Apophyl- 
lite, when  crossed  by  a  plate  of  sulphate  of  lime  wludi  gives  one  uniform  blue  tint 

f1g.f8.  Represoits  the  drcular  system  of  rings,  with  their  anomalous  t^Qts^  aa  seen 
jpund  the  axis  of  the  JpaphyOiie  Surcompo9ie. 
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XXIV.  On  the  Applieaiion  of  Andym  to  the  Ducovery  of  Lo- 
cal Theorenu  and  Porunu.  By  Charles  Babbaoe,  Esq. 
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HOSE  who  have  devoted  much  of  their  attention  to  ma- 
thematical inquiries,  must  have  had  frequent  occasion  to  ad. 
mire  the  imexpected  and  intimate  connection  which  subsists 
between  branches  of  their  science  apparently  the  most  remote 
and  unconnected  with  each  other ;  and  repeated  observation 
will  have  convinced  them,  that  tio  researches,  however  recon- 
dite or  abstruse,  should  be  neglected,  because  they  appear  to 
stand  isolated  and  detaqhed  from  the  body  of  the  science. 
These  reflections  appear  to  have  been  felt  with  strongest  force, 
by  those  who  have  most  contributed  to  its  advancement,  and 
were  particularly  insisted  on  by  Maclaurin,  in  the  Preface  to 
his  Geametria  Orffanica.  The  present  Paper  will  add  another 
example,  to  instances  already  numerous,  of  the  latent  affinity 
betwe^i  departments  of  mathematics,  usually  regarded  as  the 
moet  opposite. 

By  those  who  have  studied  the  writings  of  the  illustrious  re- 
storers of  the  most  valuable  and  interesting  portion  of  the  an- 
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cient  geometry^  the  views  which  are  here  opened  may  proba- 
bly be  regarded  with  surprise,  not  unmixed  with  regret,  that 
the  increasing  perfection  of  the  langiiagp  of  symbols  should 
gradually  cause  it  to  usurp  the  hitherto  exclusive  domains  of 
the  higher  geometry.  But  whatever  may  be  the  discoveries  to 
which  the  geometrical  interpretation  of  language,  at  once  the 
most  comprehensive  and  condefised  which  human  ingenuitj^ 
has  devised,  shall  give  birth,  tha  restocer  of  the  Porisms  of 
Euclid,  and  the  author  of  the  Qim^Tpl  Theor^ms»  will  retain 
an  undiminished  reputation,  and  their  works  continue  to  be 
studied,  by  all  those  who  wish  to  acquire  a  correct  taste  for  the 
geometry  of  the  ancients.  Those  propositions  which  have  re- 
ceived the  appellation  of  Local  Theorems  and  Porisms,  may, 
in  one  point  of  view,  be  considered  as  differing  from  theorems 
and  problems,  by  having  something  more  general,  or  indot^.* 
mini^e>  in  their  nulure ;  by  affirming  that  some  property  is  pos- 
sessed oot  merely  by  one  individual,  but  by  every  one,  of 
«ome  dass  or  species.  It  is  on  this  ciroumatance  that  the  alge* 
braie inTi»dgataDn  of  portama  is  founded:  tlie  arbitrary  con- 
stants of  an  '^psation  of  two  vAriadbl^  are  made  to  submit  to 
certain  oondttiona,  whieb  shall  leave  the  vwiableis  themselves 
still  indi^ermihiate.  By  generalising  this  prooess,  we  take,  in-* 
fi^ead  i>f  arbitrary  constants,  unknown  Ainctions  olF  the  varial^es 
iAiemseAyesi  and  instead  of  the  reraltkig  iiigebraic  equatimis, 
we  find  functional  equatkms  wliich  d^ermine  the  form  <^  the 
function^  we  have  assumed. 

This  proc^sa,  wiildi  will  be  better  undentood  by  ihe  aubse- 
quetil;  inquiries^  leads  us  at  ^mee  to  the  hi^ieat  pitdi  of  gene* 
rality,  wd  pute  us  in  poftseSstOB  of  iniluiaraable  porisne,  and 
local  theorems,  each  comprehending  whole  classte  of  eurvses. 
By  limiting  aod  determining  the  ibrm  of  the  aiibttrary  fbnc- 
tion9  inyolired  in  the  aahition,  me  *gtkdually  restrict  the  extent 
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of  our  resultdy  and  we  frequently  arrive  dt  loci  belonging  to  the 
conic  sections.  Sometimesi,  however^  the  simplification  is  still 
greater,  and  we  are  surprised  by  recognising,  amongst  exten- 
sive classes  of  curves,  pdiBsessed'  of  sdme  peculiar  property, 
some  wfitll  known  locw  of  the  straight  line  or  circle. 

The  inquiries  which  follow  are  given  nearly  in  the  order  in 
which  they  Ojseurred ;  a  different  arrangement  might  have  ap- 
peared more:  systematic,  but  it  ^ould.  have  had  the  great  dis- 
advantage of  concefiling  the  m^^9  hy  which  jtbe  roeuulta  w^re 
arrived  at.  Several  of  ^e  roor^  (re^ricted  poriuna  and  local 
theor^n^s^  might  hiave  admitt^  of^^  gepmiotrical  dreas ;  but  this 
wovld  hav9  beep  inponsistent  with  the  oti^ect  I  had  proposed 
to  niy^^lf  in  the  present  paper.  The  greater  part  are,  I  be- 
lieve, beyond  the  powers  of  f^eoneiry ;  ai^  tiiis  opinion,  if  al- 
lowed to  be  correct,  will  perhaps,  by  the. admirers  of  t|ie  an- 
cient geometry^  be  admitted  as  some  excuse  for  the  present 
attempt  to  add  to  its  stores,  by  means  so  v&y  foreign. 

There  exist  numerous  classes  of  curves  possessed  of  the  fol- 
lowing property : 

if  we  take  any  abscissa  A£,  Plate  XXIL  Fig,  I,  and  ordinate 
BE,  and  if  we  make  AF  =  BE,  and  find  the  new  ordinate  CF, 
and  ff^^  the  mrng  pmcesa  n  times,  the  nth  prdjd^  m  ^hall 
equal  the  Brsif^sansftAlS.  JU9essy|opBrfifiiye,th<u;ify  — 4^)? 
reptesenl  the  eqv9ti<^  of  the  cnrve,  then  the  equation  deter- 
mining the  foroi  of  ^  will  be 

As  the  eksses  jsf  curves  bcffe  alluded  to,  will  fi;equently  occur  in 
th^  followihg  mqukies,  I  dull  vebture  to  bestow  on  tbeiA  the 
name  q£  Periof^  Ckine$^  which  was  suggested  by  (he  aiivilar 
name  assignkl  by  Mr  Hbmbokbi.  to  the  functioo  which  satis^ 
fies  4hie  equation  jiiak  giveii«  .  It  will  also  he  c3^v»iiieQt.to  ap- 
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ply  some  name  to  the  series  of  wdioates  thus  fbmid:  I  shall 
therefore  call  them  Corresponding  Ordmatei.  These  curves 
may  be  divided  into  orders,  according  to  tilie  value  of  the  in* 
dex  n ;  if  i?  =  1,  the  first  order  consists  of  only  one  curve, 
namely,  y:^^xzzXj  which  is  the  equation  of  a  right  line, 
inaking  an  angle  of  45^  with  the  axis. 

When  n=:2,  and  -^  is  determined  from  ^>d?  =  i?, 

represents  all  periodic  curves  of  the  second  order,  and  so  on. 

The  equation  <4/  "a?  =  a?  has  been  solved  by  me  in  the  PhiloBo- 
phical  TVansactiom  for  1816,  and  numerous  examples  are  gi- 
ven in  another  paper,  published  in  the  following  year.  This 
solution  has,  however,  been  mudi  improved  by  Mr  Horner 
(see  Annals  of  Philosophy^  October  1817),  who  has  shewn  that 
the  algebraic  equation  to  which  my  method  of  solution  leads 
in  all  cases,  admits  of  a  ready  solution.  The  form  which  is  Uius 
assigned  to  the  function  '^  is 

a  -{- 1^^ 


^  X  zz,  ^ 


Jt  —  aftccos—  +c* 

j^r— ar 

2(1  +  cos -j^)  a 


Amongst  those  included  in  the  second  order  of  periodic 
curves,  will  be  found  the  right-angled  hyperbola  referred  to 
co-ordinates  parallel  to  its  assymptotes,  and  also  circles  of  all 
orders,  where  equations  are  a:»  +  3/*  =  ti*;  these  curves  pos- 
sess  many  singular  properties.  All  those  in  which  n  is  even  are 
re-entering  curves,  without  any  infinite  branches,  whose  form  is 
nearly  that  of  the  subjoined  figure.  Fig.  2.  In  this  curve,  if 
we  take  any  abscissa,  and  ordmate  CD  and  BD,  and  if  we  turn 
the  triangle  CBD,  into  such  a  position  that  B  shall  coincide 
with  the  axis  CF,  then  the  point  C  will  coincide  with  G  some 
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point  in  the  curve,  and  also  the  arc  GF,  together  with  the  arc 
BF,  will  be  equal  to  the  quadrant  AF  of  the  curve. 

Let  ABC  be  any  periodic  curve  of  the  second  order,  whose 
equation  is  yzznx^  and  DB,  EC  any  two  corresponding  or^ 
dinates,  it  is  required  to  find  another  curve  AFG,  such  tl\at 
the  sum  of  its  two  ordinates,  at  the  points  D  and  £,  may  be 
always  a  constant  quantity. 

From  the  nature  of  the  curve  ABC,  we  have  AD  =  Xy  and 
AE  =  DB  zzttXy  also  a*a?  =  x. 

Let  y-zi-^x  be  the  equation  of  the  curve  AFG,  then 
FD  =  >}/  0?,  and  GE  =  ^  (AE)  =  4^a  a?,  and  by  the  prescribed 
condition,  we  have  for  the  equation  determining  ^ 

^x-^  i\fax  =  c; 

the  general  solution  of  which  is, 

c^x 

the  function  q>  is  perfectly  arbitrary,  and  of  the  class  of  curves 

C  ^  X 

comprehended  in  the  equation  y  zz -^ ,  we  may  enun- 

ciate  the  following  porisms. 

^^y  of  this  family  of  curves  being  giveUj  aperiodic  curve  of  the 
second  orcfer  (ABC),  may  always  be  found  suchj  that  if  we  take 
any  two  abscisste  in  the  curve  given^  respectively  equal  to  any  two 
corresponding  ordinates  of  the  curve  founds  and  draw  ordinaies 
tp  the  given  curve j  and  if  we  prolong  either  of  these  ordinates 
(EG)  above  the  curvCj  until  the  part  above  (GH)  is  equal  to  the 
first  of  the  two  ordinates^  the  extremity  of  the  ordinate^  thus  in- 
creasedj  zsnll  always  be  situated  in  a  right  line  given  by  posi^ 
tion^  Fig.  3. 

The  line  thus  given  by  position  is  parallel  to  the  abscissae, 
and  situated  at  the  distance  denoted  by  c. 

If 
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If  1(1?  prehng  either  nfihe  two  ordimOei  (6£)  below  the  d6- 
sciss€By  by  a  quantity  (£L)  equal  to  tkeJirU  ordinate^  Me  etr/re- 
mity  of  the  ordmatey  thus  prolonged^  will  alway$  be  situated  in  a 
curve  J  HmUar  and  equal  to  the  gik^eA  dwrve^  which  is  also  given 
bypodtion. 

Hie  position  6f  the  given  curve  is  parallel  to  the  original 
curve.  The  deduction  of  these  porisms  is  so  obvious,  from 
the  propefty  of  th^  class  of  curves,  that  I  consider  any  farther 
explanation  of  them  unnecessary.  We  shall,  however,  by  as* 
sigding  pbfticular  values  to  some  of  the  functions,  find  sotne 

very  simple  results.     Let  us  suppose  aa?r:v/a*  —  x*f  then 
the  family  of  curves  will  be  contained  in  the  equation, 

9  0?  +  9  {\/a^  —  ±^ ' 

Of  these  curves,  the  following  property  may  be  stated : 

Any  curve  of  this  family  being  given^  a  straight  line  (HK) 
may  be  found  through  any  pointy  of  which^  if  a  line  (HD)  be 
drawn  at  right  angles  to  the  axis  qf  the  absctss<B^  it  wiU  cut  ^ 
an  abscissa  (AD),  and  part  of  it  will  form  the  ordinate  (CD),  if 
an  abscissa  (AE)  be  founds  whose  ordinate  (BE)  is  equal  to  that 
pari  of  the  line  drawn^  ishith  ii  intercepted  bdtia^^tsn  the  line  found 
and  the  curve ;  dnd  if  both  the  two  ordinates  thut  founds  be  pro- 
longed below  the  axis^  until  the  part  of^sach  below  is  equal  to  the 
abscissa  belonging  to  the  othet  ordinate^  the  two  points  to  which 
these  lines  are  prolonged^  are  situated  in  Ike  iirtur/^erence  of  a 
circle  given  by  position.     See  Fig.  4* 
Let  ax^-^x^  then  the  curveiB  induded  in  the  family 

y  — j^-?-5 r-  possess  the  following  property : 

9  a:  +  f  ( —  0?) 

Any 
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Any  curve  of  this  kind  being  given^  if  we  take  two  equal  ab^ 

sciss<Bj  on  opposite  sides  of  the  centre^  and  prolong  the  ordinates 

ai  both  these  points^  untH  the  parts  of  each  produced  be  equal  to 

the  ordinate  at  the  other  pointy  then  the  locus  of  the  points  thvM 

found  is  a  right  line  given  by  position. 

If  we  make  f  a?  =  a  +  '3?,  the  curve  becomes  a  right  Kne, 

C  C  -4 

whose  equation  is  y  =  ~  -f-  -  *  ;  a^d  the  line  found  is  paral- 

Mb       a 

lei  to  the  axis,  and  the  curve  given,  is  a  right  line  passing 
through  a  point  in  the  axis  of  the  ordinates,  equally  distant 
from  each  parallel. 

Let  ABC  be  any  periodic  curve,  Fig.  5.  and  DB,  EC,  any 
two  corresponding  ordinates ;  draw  the  ordinates  FD,  GC, 
and  draw  the  line  HFG,  passing  through  the  points  F  and 
G,  it  is  required  to  find  the  equation  of  this  line. 

w  and  V  being  the  c^o-oi^dinates  of  any  point  in  this  lihe,  its 
equation  will  be  t;zzA7S7  +  B;  the  quantities  A  and  B  being 
determined  by  the  condition,  that  it  tnust  pass  through  the 
points  F  and  G,  whose  co-ordinates  are  respectively  x  and  ^  x^ 
and  a  Xy  and  -^  o^Xy  we  have 

^X  —  ^aX         ,     aX.^X  —  X.J/aJt 

t)  zz    W  +  : '  -^ 

X  "~— '  Clf  X  ,       X  "■"•  Otf  X 

Let  us  now  determine  the  form  of  the  curve  AFG  by  this 
condition,  that  the  line  HG  shall  always  be  parallel  to  itself. 
It  is  well  known,  that  the  co-efficient  of  the  abscissa  w  ex- 
presses the  tangent  of  the  angle  of  the  inclination  of  the  line 
to  its  axis ;  this  must  therefore  be  constant,  and  we  have 

-ix  —  4^  ^^  It  /  \ 

^-—  =c,  or  4^x  —  H^ax=c(x  —  ax); 

X  —  ax  '  V  y> 

thi^  solution  of  this  equation  is  -^z  a?  =     \^~^^)  ^^.^ 

9  X  -p  9  a  X 

This  suggests  the  following  porisms  : 

VOL.  IX.  p.  11.  X  X  Any 
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■Any^  of  the  family,  of  curve*  contained   in   the   equation 

^ ~  »a?  +  9«x  ^^  ^^^»  *  ^^*  ^*^  ^*^y  ^  found, 
through  any  point  of  which,  if  a  right  line  be  drawn  perpendicu- 
larly,  cutting  the  curve  in  two  points,  and  if  the  ordinate  at  each 
of  these  points  is  produced  to  a  point  below  the  axis,  until  the 
part  below  each  is  equal  to  the  abscissa  belonging  to  the  other  or- 
dinate, the  two  points  thus  found  will  always  be  situated  in  a  pe- 
riodic curve,  given  in  species  and  position. 

The  line  tp  which  the  other  lines  are  drawn  perpendicular, 
is  at  right  angles  to  the  line  HFG  in  the  figure. 

If  we  make  ax  =  ^/o*  —  a?*,  the  curve  which  is  the  locus  of 
these  points  is  a  circle,  whose  radius  is  equal  to  a,  and  if  we 
also  make  9x  =  b,  the  original  curve  is  an  ellipse. 


fl« 


If  we  make  «a?  =  — ,  and  also  f  x  =  6,  the  equation  of  the 
given  curve  is  y=z^(x -),  which  is  an  hyperbola,  and 


a* 


that  of  the  curve  found  is  y  =.  — ,  a  right-angle  hyperbola. 
If  in  the  equation  of  the  right  line, 

V  = W  +    ' , 

X  —  aX  X  —  a  X 

we  make  w  =  0,  we  have  the  distance  of  the  point  K  from  A ; 
let  us  suppose  this  to  remain  constant,  then 

=C,  or  aX.H^X  —  X.^faxzzclx  —  ax)  I 

X  —  ax  ^  ^* 

the  solution  of  which  is  -J/  a?  z=  —  •     ^  ~^  -^-^. 

The 
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The    class    of  curves    comprehended    in    the    equation 

'd, xzz  —  •     V   —'^   )  9 —    ^j.g  possessed  of  the  followias 

^  ax  f  a?  +  9aa?  '^  ^ 

property : 

Any  curve  of  the  kind  being  given^  a  point  (K)  may  be  founds 
through  whichj  if  a  right  line  (KG)  be  drawn  in  any  direction^ 
cutting  the  curve  in  two  points  (F  and  G),  if  the  ordinate  at  one 
of  these  points  be  prolonged  to  a  point  below  the  axisj  until  the 
part  below  is  equal  in  length  to  the  abscissa  corresponding  to  the 
other  point  of  intersection^  then  the  point  thus  found  is  always  si-- 
tuated  in  a  periodic  curve  of  the  second  order ^  given  in  species 
and  position.     Fig.  5. 

If  in  the  equation  of  the  line,  we  make  v  =  0^  we  have 

tt?  =  — -l^x  —  ^<tx *  ^^  suppose  this  to  remam 

constant,  we  in  fact  fix  the  point  E  in  the  axis  of  the  abscissae. 
This  gives  the  equation  for  determining  i^, 

[nx  —  c)  ^x'=:{x  —  c)^ot,Xi 
whose  solution  is  -v^  a:  =     %  \^i  ^  ^f  ^ 

ttX  —  X 

Let  AFG  be  any  periodic  curve,  Fig.  6.,  and  AD,  AE  any 
two  corresponding  abscissae.  Required  the  equation  of  all 
curves,  such  that  the  line  joining  the  summits  of  the  two  or-i^ 
dinates,  raised  at  the  points  D  and  £,  shall  be  constant. 

The  equation  of  the  periodic  curve  being  y  —  ax^  let  that 
of  the  family  of  curves  sought  be  y  zz'^x^  then  we  have 
AD  =  X,  A£  =  a  .r j  BD  =^x^  C£  =  4"  a  «r,  and  the  equation 
determining  the  form  of  4^  is 

{4fax  —  4^  -3?)*  +  («  j:*  —  xY  zzc^.  (a) 

X  X  2  This 
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This  equation  is  one  of  those  which  I  noticed  in  a  paper  in 
the  Philosophical  Transactions  for  1817,  p.  211.  I  there  sta- 
ted, that  it  appeared  impossible  for  any  function  to  satisfy  the 
equation,  unless  it  contained  a  radicle,  and  unless  diflferent 
roots  were  taken  in  different  parts  of  the  equation.  This  expla- 
nation will  perhaps  be  rendered  more  satisfactory  by  the  ap^ 
plication  to  geometry.  The  general  solution  of  the  equation 
in  question,  is 

^  —  9X  +  9ax  ^^ 

where  the  upper  sign  must  be  used  in  one  part  of  the  equa- 
tion, and  the  lower  sign  in  another.  From  this  equation  we 
learn,  that  for  every  value  of  x  there  are  two  values  of  y, 
equal,  but  extending  in  opposite  directions ;  or  that  the  curve 
is  symmetrical  with  regard  to  the  axis  of  the  x^s  :  and  since  we 
must  use  different  values  of  the  radicle,  it  appears  that  the  two 
points  B  and  C  cannot  be  in  the  same  branch  of  the  curve,  and 
on  the  same  side  of  the  axis,  but  that  one  point  being  situated 
above  the  axis,  the  other  must  be  placed  in  the  corresponding 
branch,  which  exists  below  the  axis.  In  fact,  it  seems  to  fol- 
low, from  the  very  nature  of  the  equation  (a),  that  no  curve 
possessing  this  property  can  have  both  the  two  points  B  and 
C  situated  in  the  same  branch.  These  considerations  render 
it  necessary,  in  some  measure,  to  limit  the  generality  of  the 
function  9 ;  and  it  may  be  stated,  that  no  form  of  9  is  admis- 
sible, which  takes  away  the  double  sign  placed  before  the 
whole  of  the  value  of  y. 
Thus/  if  we  take  9^  =  (^x  +  s/^  —  (at  —  <x)*,  we  have 


=  "/±iv^^'-(«^-^)% 


but 
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but  this  does  not  satisfy  the  condition  of  rendering  the  curve 
symmetrical  relfitive  to  its  axis. 
Let  a.x  —  \/€?  —  ^*,  then  we  have 


y  —  ' • ; 

f>x  +  9v/a^  —  ^  ' 

and  the  foDowing  property  belongs  to  all  the  curves  contained 
in  this  family : 

Any  curve  BAC  of  this  species  being  given^  Fig.  7.,  a  right  line 
BC  given  in  length  may  be  found  such^  that  if  it  be  any  how  pla^ 
cedj  so  thai  its  extremities  B  and  C  coincide  with  any  two  points  of 
similar  branches^  but  on  opposite  sides  of  the  axis ;  then  the  sum 
of  the  squares  described  on  the  abscissce  AE,  AD,  shall  be  equal 
to  the  square  described  on  a  right  line  which  may  be  found. 

If  we  make  olx  -zz  —  x^  we  have  the  family  of  curves  ex- 
pressed by  the  equation 

^  ^g^  —  ^x'^  .9  X  , 

^  ~     9X+  f  ( — x) 

which  possess  the  following  property  : 

Any  one  of  this  class  of  curves  being  given^  a  right  line  CB  may 
be  founds  which^  if  it  be  placed  so  that  its  extremities  rest  on  two 
opposite  branches  of  the  curve  {at  C  and  B),  and  if  the  ordinate 
at  one  of  these  points  be  prolonged  on  the  other  side  the  axis^  un-^ 
til  the  part  produced  (FE)  be  equal  to  the  abscissa  (GH)  at  the 
other  pointy  the  extremity  of  the  line  so  produced  (E),  will  be  si- 
tuated in  a  straight  line  given  by  position. 

If  we  make  ^x—b^  the  equation  becomes  y  =  J^ x^ 

and  the  curve  is  a  circle  whose  radius  is  5 ,  the  line  to  be 

found 
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found  is  equal  to  twice  tbe  radius^  and  the  line  given  by  posi- 
tion passes  through  the  centre,  making  an  angle  of  2  with  the 

axis. 

ADE  being  any  periodic  curve  of  the  second  order,  and 
AF,  AG  any  two  corresponding  abscissae,  and  ABC  being  any 
other  curve,  whose  equation  is  yzz,^  x^  required  the  co-ordi- 
nates of  the  point  of  intersection  of  its  two  tangents,  at  the 
points  B  and  C. 

Call  AF  =  x'  AG^xf 

1 

and  let  x  and  y  be  the  co-ordinates  of  any  point  in  eitiier  of 
the  tangents,  then 

dj/        x'djf 

«  1 

are  the  equations  of  the  tangents ;  and  if  we  call  v  and  w  the 
co-ordinates  of  the  point  of  intersection  P,  we  have 

y j-7-  — y  +  V-^ 


dx'         ?  ^    d*' 

1 


rfy  _dy 


dx'         dx' 

1 

And 


«;  =  —»- 


d7(?    ~dir)     dx'{^    ^/ 


dx^        5V 

Let 
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Let  us  now  suppose  that  the  point  P  is  always  situated  in  the 
ri^t  line  AL,  perpendicular  to  the  axis  ;  we  have  vzzO^  and 
since  the  curve  ADE  is  a  periodic  one,  whose  equation  is 

^  dx  ^  dax 


Whence        >f;c  — ^^4^  =  5^  {^»  «^} 

ax 

^^*        -yLx.dx  dx       f-    — ^ 

IT- =—      ^      %\Xy     (lX]i 


or         '— 

X 


from  which 


dx 


y  =  ^x=z^xj^  j^{x,  ax}. 


Now,  let  axzz  (a*  —  x^)^^  the  family  of  curves  are  com- 
prehended in  the  equation 

and  they  possess  the  following  property  : 

Any  of  this  species  of  curve  being  given^  if  any  two  absdsscB 
are  taken^  the  sum  of  whose  fourth  powers  is  equal  to  the  fourth 
power  of  a  line^  which  may  be  founds  then  the  tangent  drawn  at 
the  extremities  of  the  ordinates  corresponding  to  these  ahscisscsy 
wiU  intersect  each  other  in  a  lirye  given  in  position.  This  line  is 
perpen^cular  to  the  axis* 

If  we  suppose  the  point  P  always  to  be  situated  in  the  axis 
of  the  abscissae^  we  have  ^e;  =  0,  consequently, 

or 
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dux    \  ax    /         dx     V  da,x      J 

multiplying  botl»  sides  by  (^—  —  ~^^        we  have 

and  since  both  sides  are  symmetrical  relative  to  x  and  ar, 
we  have 


or 


hence, 


dy  dx 


If  we  suppose  a.x'i^ia*  —  «")  " » the  class  of  curves  compre- 
hended in  the  equation 

"'«''=/,  + ^  Ma— .-H} 
possess  the  foDowing  property : 

If  •me  take  any  two  absctssce  AD,  AE,  the  mm  of  whose  nth 
powers  is  equal  to  a  given  nth  prnver^  then  the  tangents  BP,  CP, 
drawn  to  the  curve  at  the  extremity  of  the  ordinates  correspond- 
ing to  those  abscisstBf  xvill  always  intersect  each  other  on  the  axis 
of  the  abscissa.     Fig.  10. 

In  th^  same  manner,  a  class  of  curves  may  be  found,  and 
ordinates  may  be  drawn,  in  such  a  manner,  that  the  tangent 


at 
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at  those  ordinates  shall  intersect  each  other  in  a  line  given  in 
position. 

In  the  curve  ABC,  taking  any  two  ordinates,  BE,  CD,  re- 
quired its  equation  when  the  normals  at  these  points  intersect 

each  other  on  the  aids ;  let  x^  y,  and  Xy  y^  be  the  ordinates, 

1    1 

then  we  must  have 

AE  +  EP  =  AD  +  DP, 

ydy 


or 


+^='+ 


JL. 


dx  I         dx 

t 

if  the  two  points  £  and  D  are  so  chosen,  that  jt  r; « :r,  and  if 

a  is  a  periodic  function  of  the  second  order,  we  have,  sup- 
posing y^'^x 

"^x.d^x  ,    ^ax.d^ax 

X  —  J =  ax  +  ' -r — • 

dx  dax         y 


or 


,    ^j.x.d^l'X  _      ..    — . 
^  +  — ^ —  =  X  U,  ax)  ; 


hence     y*  =  —  x*  +  2  J  J  x  5^  (x,  ox)  • 
If  we  make  ;t{x,  ax)  —  x,  we  have 
y*  =  — x*  +  2cx  +  c, 

which  is  the  equation  to  a  circle,  and  it  is  well  known,  that 
this  curve  possesses  the  property,  since  all  its  normals  inter- 
sect each  other  in  the  centre. 

This  furnishes  us  with  the  following  local  theorems.  Any 
curve  of  fhis  family  being  given,  if  from  any  point  (P),  in  the  axit 
of  the  abscissa,  we  draw  two  lines  cutting  the  same  branch  of  the 
curve  perpendicularly  (m  B  and  C),  and  if  xve  prolong  the  ordi- 

voL.  IX.  p.  II.  T  y  note 
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note  {CD)  ai  one  vf  these  points  bdow  ike  axis^  untU  theJMxH 
behw  (DF)  't^  equal  to  the  abscissa  corresponding  to  the  otheppmant 
(A£),  then  the  locus  of  the  extremity  ofihe  ordinate  (F>i%ta 
producedj  is  always  a  periodic  ^urve  of  the  second  'order,  ^g.^  1 L 

The  questions  which  we  have  now  con9vlered,, appear  to 
me  sufficient  to  point  out  the  nature  of  that  connection  be- 
tween the  theory  of  functions  and  that  of  curves,  which  it  was 
my  object  to  establish.  The  differencQ  between  the  properties 
thus  brought  to  light,  and  those  which  have  been  hitherto 
known,  seems  to  consist  chiefly  in  two  points.  The  first  is, 
that  the  families  of  curves  to  which  they  relate  are  larger :  this 
arises  from  the  arbitrary  functions  necessarily  introduced  into 
the  solution  of  functional  equations.  The  other  difference  is, 
that  the  properties  discovered  relate  to  many  points  of  the 
same  curve,  only  connected  by  some  given  law.  In  the  first 
respect,  they  in  some  measure  approach  to  the  investigations  of 
M.  MoNGE,  in  his  excellent  work  L^  Application  de  F Analyse  a 
la  Geometric;  whilst,  in  the  second  respect,  they  bear  some 
analogy  to  the  more  general  properties  of  curves,  deduced 
from  the  theory  of  equations  in  the  Proprietates  Curvarum  of 
Waring  :  these  resembl^ncies  are,  however,  but  superficial. 
The  nature  of  the  questions  we  have  considered  requires,  by 
the  usual  methods  of  analysis,  the  application  of  mixed  differ- 
ences ;  and,  in  most  of  the  few  instances  in  which  Mtj  such 
problems  have  been  proposed,  they  have  been  attempted  by 
that  method. 


Devonshf^e  Street^  Pmlmd  Place, 
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XXV.  Observations  on  the  Errors  in  the  Sea-Rates  of  Chrono- 
meters^  arising  from  the  Magnetism  of  their  Balances; 
with  Suggestions  for  removing  this  source  of  Error. 
Bjf  William  Soorzsbt,  Esq.  F.  R.  S.  Edin. 


(Read  April  15.  1822  J 


X  HE  value  of  the  ChrondmeteT  for  finding  the  Longitude  at 
Seay  beings  bj  the  experience  of  mdny  years  trial,  fiilly  esta- 
blished^  I  am  induced  to  offer  to  the  Royal  Society  some  re- 
marks od  tbe  change  of  rate  observed  in  this  itistrument,  when 
o^  shipboards  This  change  of  rate,  that  had  usually  been 
supposed  to^arise^  frokn  the  motion  of  the  ship,  has  recently 
b^aattriboteid^  l^y^  Mr  Fisher,  who  actonipanied  Captain  Bu- 
OHAN  iahia  yqyage  to^vards  the  North  Pole  in  the  year  1818, 
^^  ta  the  magnetic  dction  exerted  by  the  iron  in  the  ship  upon 
'^  thainAer  rim  of  the  Chronomete^r^s  balance,  #hibh  is  com- 
"  (y^sed  of  steel.'*  I  appr^etad,  however,  that  it  will  be  very 
^y  to  show,  that  although  the  idteratidii  of  rate  may  be,  and 
iQOst  probably:  is^  owing  to  magnetism,  yet  the  magnetic  ac- 
tion of  the  iron  in  the  ship,  excepting  in  cases  where  chrono- 
meters ate  placed  in  immediate  contact  with  krge  masses  of 
iron,  can  contribute  but  in  a  v^  small  d^ee  to  the  error  in 

Y  y  2  question^ 
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question.  For,  in  the  same  proportion  as  the  magnetism  of 
the  earth,  or  the  directive  force  on  the  compass-needle,  ex- 
ceeds the  magnetism  of  the  ship,  or  the  deviating  force,  the 
influence  of  terrestrial  magnetism  on  the  chronometer,  must, 
I  conceive,  exceed  that  influence  exerted  by  the  iron  in  the 
ship  on  the  chronometer.  A  modified  action,  indeed,  takes 
place  where  the  direction  of  the  magnetic  force  of  the  earth 
diflers  from  the  direction  of  the  "  local  attraction''  of  the 
^^  ship  i^  but  yet  the  combined  influences  of  the  two  forces, 
however  modified  by  direction,  should,  I  imagine,  be  similar 
on  the  balance  of  the  chronometer,  which  vibrates  in  a  hori- 
zontal position,  to  what  it  is  on  the  compass-needle,  which  tra- 
verses in  the  same  position. 

Now,  the  medium  effect  of  the  attraction  of  the  iron  in  ves- 
sels on  the  compass,  in  the  parallels  of  Great  Britain,  does  not 
appear  to  exceed  five  degrees  of  deviation  on  each  side  of  the 
magnetic  meridian  ;  it  is  probably  a  little  less.  The  force  pro- 
ducing the  deviation,  therefore,  is  represented  by  the  sine  of 
the  angle  of  deviation,  or  S ;  while  the  directive  force  is  re- 
presented by  the  sine  of  85".  The  relation  of  these  two  is  as 
1  to  11.35;  that  is,  the  directive  influence  of  the  earth's  mag- 
netism on  the  compass  is  11^  times  greater  than  the  deviating 
influence  of  the  local  attraction.  Hence,  the  proportion  of  er- 
ror due  to  the  local  attraction  of  the  ship,  would  appear  not  to 
exceed,  in  these  latitudes,  the  eleventh  or  twelfl:h  part  of  that 
resulting  from  the  earth's  magnetism ;  while  nearer  the  equa- 
tor, this  proportion  of  error  must  be  still  less.  So  long  as  the 
action  of  terrestrial  magnetism,  therefore,  remains  uncorrected, 
it  will  be  of  little  service  to  compensate  for  the  error  arising 
from  the  local  attraction.  In  the  Polar  Seas,  indeed,  the  force 
of  local  attraction  approaches  the  directive  force  much  nearer 
than  in  the  British  Seas,  and  in  some  situations  very  near  the 

Magnetic 
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Magnetic  Poles  exceeds  it;  but  still  the  local  attraction  ope- 
rates without  any  increase  of  force,  e^i^pting  what  may  arise 
from  the  little  augmentation  of  the  magnetic  intensity  of  the 
earth  in  those  regions  ;  so  that,  in  reality,  the  rate  of  a  Chro- 
nometer in  polar  regions,  where  the  earth's  magnetism  acts 
nearly  at  right  angles  to  the  plane  of  the  balance,  could  the  ef- 
fect of  temperature  on  the  instrument  be  perfectly  compen- 
sated, ought  to  be  more  equable  than  in  any  other  region, 
where  the  direction  of  terrestrial  magnetism  is  more  nearly  in 
the  plane  in  which  the  balance  vibrates. 

In  the  important  and  truly  scientific  experiments  of  Mr 
Barlow,  on  the  efiects  produced  in  the  rates  of  Chronometers 
by  the  proximity  of  masses  of  iron,  we  have  a  corroboration 
of  the  preceding  opinions ;  for  Mr  Barlow,  though  he  obser- 
ved that  a  variation  of  rate  was  occasioned  by  the  influence  of 
a  mass  of  iron  equivalent  to  the  local  attraction  of  a  ship, 
found  by  no  means  so  great  effects  as  those  observed  by  Mr 
Fisher.  But  the  force  of  terrestrial  magnetism  acting  upon  a 
balance  that  is  magnetic,  is  fully  sufficient  to  account  for  every 
change  of  rate  observed. 

Mr  S.  Varlet,  in  a  paper  in  TillodCs  Philosophical  Magazine, 
published  in  the  year  1798,  was  the  first,  I  bdieve,  who  showed 
that  an  irr^ularity  observed  in  the  rate  of  some  time^pieces,  was 
owing  to  the  magnetic  state  of  their  balances.  He  was  direct- 
ed to  the  inquiry  by  a  watch  of  excellent  workmanship  that 
he  had  in  bis  possession,  which  performed  the  most  irregular- 
ly of  any  watch  he  had  ever  seen.  It  occurred  to  him  that 
the  cause  might  be  magnetism  ;  and,  on  examining  the  balance, 
he  found  it  so  strongly  magnetic,  that  when  suspended  hori- 
zontally without  the  spring,  it  directed  itself  like  a  compass- 
needle  in  a  certain  position,  which  it  invariably  returned  to 
when  it  was  disturbed.     The  pendulum  spring  being  put  on, 

and 


Digitized  by 


Google 


356  ON  THB  XRROBS  OF  CHEONOMSTEaay  ABISWO 

and  the  Balnnct  rejpkuied  in  the  watch,  Mr  Vj^miMx  laid  the 
watch  with,  the  dial  upward,  and  the  north  pde  of  the  balance, 
as  determined  by  the  previous  experiment,  towards  the  north ; 
— in  thid  situation  it  gained  &  35"'  in  twenty-four  hours. .  He 
then  directed  the  north  pole  of  the  balance  towards  the  sooth, 
every  thing  else  being  as  before,  and  it  now  lost  6  4S"  in  twen* 
ty-^four  hours.  Mr  Vauley  afterwards  took  away  the  steel- 
balance,  and  substituted  one  made  of.  gold;  then  having 
brought  the  watdi  to  time,  he  carefully  observed  its  rate,  and 
found  it  as  uniform  as  any  watch  6f  lilfie  construction*  He 
subsequently  examined  many  dozens  of  balances,  oiit  of  which 
he  could  not  select  one  that  had  not  polarity. 
'  The  instance  observed  by  Mr  Vablby  is  no  donbt  an  ex^ 
treme  one ;  but  yet  the  influence  of  magnetism  in  the  bdance 
most  probably  afiects  the  rate,  in  some  degree,  of  almost,  efvery 
watch  and  chronometer.  I  have  attempted  to  ascertain  how 
far  this  influence  might  be  considered  as  general,  by  experi* 
men ts  both  on  detached  balances,  and  on  the  rUes  of  watches 
under  magnetic  influence.  Similar  experiments  i  have  been 
made  by  others  {  but  there  were  some  circumstances  negfec£- 
ed  in  aD,  which  I  was  anxious  to  examine,.  particuWly  the 
position  of  the  watch  or  chronometet*  when  its  xAte  was  defter- 
mified.  Thes^  experiments,  cming  to  the  arrival  of  the  season. 
for  undertaking  my  usual  voyage  to  the  Polar  Seas,  I  have 
been  unable  to  complete }  but  this*  much  was* accomplished: 
In  seven  detached  chronometer  balances,  very  sensible,  mag^ 
netic  properties,  both  attractive  and  repulsive,  were  found  in 
all  *  ;  and  in  three  watches  subjected  to  the  action  of  mi^gne*^ 

tiam, 


*  In  some  of  these  bakiioes,  the  magnetism  was  strong.    One,  with  three  arms, 
had  a  vigorous  south  pole  at  the  extremity  of  each  ray,  and  a  common  north  pole 
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ti3in9  a  dfiange  of  r^te  tobk.  place,  whenever  a  diange  was  made 
it^the  r^ative  position  of  the  watch  knd  the  magni^t  Had 
any  of  the  balah6e«  been  free  irom  magnetism,  its  rate,  iii  all 
boriiOntal  p6siti(Misr,:'I  expected/ would  have' been' uiiiform] 
whether  nnder  the  action  pf  terrestrial,  or  of  nloderfiltetartiScial 
magnetism:  'Fbr  akhoii^  iron  acquires  polbritj^  by  idiere 
jukta-position  with  a  nk'^netised  body,  and  the  balances  of 
watches  placed  near  magnets  become  magnetic ;  ydt,  were  the 
magnetism  of  the  balance  only  transient,  the  pdles  v^ould 
change  with  every  change  of  position  in  the  waic^h,  and  its 
rate  would  be  unafifected  by  any  slight  magnetic  influence; 
but.  were  any  of  the  balances  already  permanently  ^mf^ne- 
tic,  there  would  be  a  repulsive  action  from  the  magnet  in 
some  positions,,  and  an  attractive  in  others.  Which  affecting  the 
vibrations  of  the  balance  in  different  ways,  might  be  expected 
to  produce  a  change  in  the  rate  of  the  watck  These  efiects^ 
it  was  presumed,  would  be  the  same  whether  the  watch  Were 
tried  in  different  positions,  under  the  influence  only  of  terres- 
trial magnetism,  or  under  the  action  (directed  iW  a  similar 
way)  of  artificial  magnetism  |  the  duly  difibre&ce  b^ng  id  the 
quantity.  ^  .     i  ,!      ' 

One  of  the  watches  under  experiment  was  remarkable  for 
the  beauty  of  the  movement,  and  the  uniformity  of  its  rate. 
I  shall  confine  my  remarks,  itherefdrbV  to  the  results  obtained 
with  this.  -     •  '    ''     "^  ^ 

A  bar  magnet,  12  inches  long,  was  laid  in  the -magnetic 
ntieridian,  and'tiieXvatch  placed  in-  the  same  litie,  fbiir  inches 
distaiitfrortl  i\ie  ttiaghet,  with  ii^Xtl  o'clock  mark  towkrds  the 


4tJch6}odhtr^.:'iTlU^|fidiertbdaiioeiJbadvgmi^^  but,  in  some, 

^t^^Ies  of  the  rim  were  not  exactly  ooinddent  with  the  poles  of  the  rays. 
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north.  Its  previous  rate  was  in  mean  time ;  and  it  was  set  by, 
and  compared  with,  a  chronometer,  whose  rate  was  very  near- 
ly the  same.  After  an  interval  of  2  hours  18  minutes,  it  was 
found  to  have  lost  13  seconds,  being  at  the  rate  of  135  seconds 
per  day  ;  the  XII  o'clock  mark  being  now  turned  towards  the 
south,  it  gained  12  seconds  in  2  hours  12  minutes,  being  at 
the  rate  of  131  seconds  per  day.  The  position  being  again 
reversed,  it  b^an  to  lose  as  in  the  first  instance ;  but  at  a 
rate  somewhat  less ;  and  on  being  once  more  turned  round, 
with  its  XII  o'clock  maik  towards  the  south,  it  gained  56 
seconds  in  the  course  of  the  night,  being  at  the  rate  of  156  se- 
conds daily.  This  acceleration  above  its  former  rate  was  pro- 
bably owing  to  the  diminution  of  temperature.  The  regula- 
rity of  a  change  of  rate,  from  losing  to  gaining,  with  each  re- 
version of  position  in  the  watch,  every  thing  else  being  the 
same,  was  a  sufficient  proof  that  some  part  of  the  watch  was 
magnetic,  and  that  that  part  was  acted  upon  by  the  influence 
of  the  magnet 

Three  means  have  occurred  to  me,  of  either  lessening,  or 
altogether  obviating,  the  anomalous  action  of  the  magnetism 
of  the  balance,  viz. 

1.  To  employ  a  substance  in  the  construction  of  the  balance 

without  magnetical  properties. 

2.  To  free  the  balance  of  any  magnetism  accidentally  ac- 

quired. 

3.  To  prevent  the  unequal  action  of  the  magnetic  influence, 

by  giving  to  the  chronometer  a  fixed  position  as  re- 
gards the  magnetic  meridian. 

The  fiirst  method,  should  there  be  no  practical  objection, 
would  go  far  towards  the  removal  of  all  magnetic  influence. 

The 
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The  best  material,  in  this  case,  to  be  substituted  for  steel, 
would  probably  be  platina^  or  an  alloy  of  platina.  As  the  ex- 
pansion of  platina  with  heat  appears  to  be  less  than  that  of  al- 
most any  other  metal,  being  nearly  one-third  less  than  that  of 
steel,  and  less  by  above  one-half  than  that  of  brass  ^,  I  should 
imagine  that  it  would  be  better  suited  for  effecting  the  com- 
pensation than  steel. 

For  accomplishing  the  second  object,  I  should  recommend 
that  the  flat  surface  of  the  balance  be  the  last  part  that  is 
finished,  and  that  it  be  ground  and  polished  in  the  plane  of 
the  magnetic  equator.  From  various  experiments  with  differ- 
ent ferruginous  substances,  I  found  that  no  friction,  however 
severe,  produced  magnetism  in  flat  plates  or  slender  bars,  when 
the  friction  was  endured  in  the  plane  of  the  magnetic  equa- 
tor ;  but  that,  on  the  contrary,  such  substances,  especially  iron 
and  sofl  steel,  when  hammered,  bent,  twisted,  scowered,  filed, 
or  polished  in  the  plane  of  the  magnetic  equator,  were  depriv- 
ed of  any  small  quantity  of  magnetism  that  they  might  have 
previously  acquired  f ;  whereas  by  a  treatment  precisely  si- 
milar, excepting  as  to  position,  ferruginous  bodies  were  inva- 
riably rendered  magnetic  I  have  made  some  experiments  on 
chronometer  balances,  with  the  view  of  removing  their  polari- 
ties ;  but  although  a  sensible  diminution  of  their  magnetism 
occurred  afler  grinding  them  in  the  plane  of  the  magnetic 
equator,  or  striking  them  in  the  same  plane  with  a  small 
smooth-faced  hammer,  while  resting  upon  a  hard,  flat  substance, 
yet  1  have  not  had  leisure  to  accomplish  their  neutralisation  so 

VOL.  IX.  p.  II.  z  z  effectually 

*  Henkt'^s  Chemistry :  Table  of  Expansion  of  Solids  by  Heat 

-f  See  Tran8a4iions  of  the  Royal  Society  of  Edihbur^  for  18S1 ;  ^^  Descrip- 
^<  tion  of  a  Magnetimeter,^  &c.  Proportions  4,  5y  6, 10,  &c. 
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effectually  as  could  be  desired.  As  the  balances  are  noW^  ge- 
nerally, I  believe,  wrought  out  of  a  solid  piece  of  soft  steel,  en- 
compassed by  a  rim  of  brass,  it  would  conduce  to  the  same 
end  if  they  could  be  turned  in  the  plane  of  the  magnetic  equa- 
tor ;  and  still  further,  when  blued  after  polishing,  if  this  pro- 
cess were  completed  while  the  balances  maintained  the  same 
position* 

But  as  a  balance  that  has  been  freed  from  magnetism  might 
again  acquire  polarity,  the  third  method  I  have  to  suggest 
might  probably  prove  the  most  efficacious,  as  regards  steeU 
balances  and  balance-springs,  and  it  has  the  advantage  of  be- 
ing applicable  to  all  small  chronometers.  As  its  employment, 
however,  would  be  attended  with  some  difficulties,  I  merely 
throw  out  the  hint  at  present,  but  with  the  hope  of  being  en« 
abled  hereafter  to  determine  the  efficacy  of  the  plan  by  expe- 
riment 

A  chronometer,  even  with  a  magnetic  balance,  may  keep 
very  accurate  time  when  on  shore,  and  yet  perform  very  ill  at 
sea.  Because,  while  on  shore,  its  position  is  usually  preserved 
unchanged :  it  is  perhaps  kept  on  a  shelf  or  a  bench ;  in  either 
case  it  is  not  liable  to  be  turned  from  its  position,  since  the 
lock  of  the  box  being  commonly  kept  in  front,  naturally  fixes 
it  invariably  in  the  same  way.  But  when  the  same  chrono- 
meter is  taken  to  sea,  its  position  is  changed  at  the  least  every 
time  the  course  of  the  ship  is  altered ;  and  with  every  change 
of  position  there  is  probably  an  alteration  of  rate.  Whenever 
the  north  pole  of  the  balance  is  directed  towards  the  north, 
the  rate  will  (it  is  presumed  from  the  experiments  of  Mr  Var- 
ley)  be  accelerated ;  when  towards  the  south,  retarded. 
Could,  however,  any  method  be  adopted  for  giving  a  uniform 
position  to  the  chronometer,  the  errors  arising  from  the  above- 
mentioned  cause  would  no  doubt  cease«     Something  might  be 
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done,  by  placing  the  chronometer,  when  on  board,  in  the  same 
position  that  it  occupied  on  shore,  when  its  rate  was  taken,  and 
turning  it  whenever  the  ship's  course  was  changed.  On  board 
vessels  navigating  in  trade-winds,  and  in  all  voyages  where  a 
steady  course  is  preserved  for  a  long  time  together,  this  would 
not  be  difficult  to  accomplish ;  but  as  a  good  deal  of  trouble 
would  attend  this  management,  in  some  voyages,  it  appears  to 
me  that  it  would  not  be  impracticable  to  fix  a  pocket  chrono- 
meter on  the  top  of  a  thin  plate  of  metal  or  wood,  suspended 
on  a  needle-point  as  a  centre,  and  moved  by  a  magnetised  bar. 
To  diminish,  as  far  as  practicable,  the  influence  of  the  magne- 
tism of  this  bar  over  the  chronometer,  the  plane  for  the  sup- 
port of  the  chronometer  might  be  fixed  a  few  inches  above  the 
needle;  and  to  prevent  error  from  agitation,  the  apparatus 
could  be  fixed  on  gimbles  like  a  compass. 

It  may  be  objected,  that  the  influence  of  the  magnetic  bar, 
connected  with  the  apparatus  for  carrying  the  chronometer, 
would  induce  magnetism  in  the  balance,  notwithstanding  it 
might  be  at  some  inches  distance,  and  thus  augment  the  source 
of  error.  I  apprehend,  however,  that  as  the  bar  is  proposed  to 
be  placed  beneath  the  chronometer,  so  that  its  action  would 
be  almost  vertical  to  the  plane  in  which  the  balance  vibrates, 
very  little,  if  any  effect,  would  be  produced  on  the  rate  of  the 
instrument.  Besides,  were  the  rate  of  the  chronometer  taken 
on  shore  when  fixed  in  a  certain  position  on  this  apparatus, 
there  would  be  every  chance  of  its  maintaining  its  rate  at  sea, 
while  the  dip  was  nearly  the  same ;  for  the  action  of  terrestrial 
magnetism,  combined  with  that  of  the  local  attraction  of  the 
ship,  would  produce  a  mean  action  on  the  bar  carrying  the 
chronometer,  and  a  similar  action  on  the  chronometer.  Un- 
der great  changes,  indeed,  in  the  magnetic  intensity  or  dip^  a 
chronometer  even  llius  situated  might  be  liable  to  a  small  va- 
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riatioD  in  its  rate ;  but  were  the  rate  of  the  chronometer  taken 
in  various  positions  in  the  apparatus,  and  the  position  where 
its  rate  was  nearest  a  mean  giren  to  it  for  its  permanent  posi- 
tion, then,  I  imagine,  its  rate  would  be  uniform  under  all 
magnetic  dips,  and  under  all  ordinary  changes  of  intensity. 


APPEN. 
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APPENDIX. 

Since  forwarding  my  communication  to  the  Royal  Society, 
^  On  the  Errors  in  the  Sea-Rates  of  Chronometers,  arising 
"  from  the  Magnetism  of  their  Balances,*'  &c.  I  have  con- 
structed a  temporary  apparatus  on  the  principle  described  in 
the  third  "  suggestion  for  removing  this  source  of  error."  I 
was  at  first  doubtful  whether  a  plate,  however  light,  when 
loaded  with  the  weight  of  a  pocket  chronometer,  could  be 
made  to  traverse  by  the  polarity  only  of  a  compass-needle ; 
and  whether,  within  a  moderate  compass,  the  magnet  intended 
for  directing  the  plate  could  be  so  far  removed  from  the  chro- 
nometer as  to  prevent  all  fear  of  additional  mischief  from  its 
proximity* 

On  trial,  I  was  happy  to  find  my  apprehensions  respecting 
the  interference  of  both  these  apparent  difficulties  entirely  re- 
moved. For,  by  means  of  a  compass-needle,  indifferently 
magnetised,  the  plate  for  the  chronometer  traversed,  when 
loaded  with  a  pound  weight  avoirdupois  ^  and  the  magnetic  in- 
fluence of  this  needle,  at  five  inches  distance  (the  distance  be- 
tween the  chronometer  plate  and  the  needle)  was  only  equal 
to  the  directive  force  of  the  earth  on  a  horizontal  needle  in 
Britain.  Now,  such  a  degree  of  influence  would  probably  be 
an  advantage  to  the  chronometer's  going  rather  than  other- 
wise ;  because  the  denomination  of  magnetism  in  either  end 
of  the  needle,  operating  on  the  part  of  the  chronometer  to 
which  it  was  most  contiguous,  would  be  of  the  opposite  kind 
to  that  of  the  earth  operating  on  the  same  part  of  the  chrono- 
meter ;  hence  the  tendency  of  the  magnetism  of  the  needle  on 

the 


Digitized  by 


Google 


364  APPSNDtX. 

the  chronometer  (being  the  opposite  of  Uiat  of  the  earth,  and 
nearly  equivalent  in  intensity),  would  be  to  neutralise  the  ef- 
fect of  the  magnetism  of  the  earth  on  the  chronometer. 

The  apparatus  I  propose  for  giving  uniformity  of  position 
to  chronometers  at  sea,  so  as  to  obviate  the  varying  action  of 
the  magnetism  of  the  earth  on  magnetic  balances  in  different 
positions,  is  represented  in  Plate  XXIIL,  where 

A,  Is  a  compass-card  (without  a  needle),  having  a  light  slip 
of  brass  across  the  under  side,  and  an  agate  cap  in  the 
centre,  for  carrying  the  chronometer  B. 

C,  A  centre  of  brass  pointed  with  steel,  of  a  needle  temper, 
upon  which  the  card  and  chronometer  traverse. 
.  D,  A  magnetic  rhomboidal  compass-needle,  on  Captain  Ka- 
ter's  construction,  adopted  in  consequence  of  its  great 
directive  force.  This  needle  is  suspended  from  the 
card  by  4  or  6  small  wires  (a,  a),  which  serve  to  keep 
the  card  horizontal,  and  cause  it  to  traverse. 

EE,  A  cylinder  of  thin  copper  or  brass,  to  the  bottom  of 
which  is  fixed  the  centre  C,  which  passes  through  the 
opening  in  the  middle  of  the  rhomboidal  needle. 

FF,  The  centres  by  which  the  apparatus  is  attached  to 
gimbles  in  the  usual  form. 

The  whole  is  enclosed  in  a  square  wooden  box,  with  both  a 
glass  and  a  wooden  lid. 

The  chronometer  being  placed  in  the  centre  of  the  card, 
;and  adjusted  with  its  XII  o'clock  mark  always  in  one  direction, 
will  evidently  maintain  the  same  position  so  long  as  the  card 
continues  to  traverse. 
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XXVI. — Report  on  a  Communication  from  Dr  Dyce  of  Aber- 
deen^ to  the  Royal  Society  of  Edinburgh^  "  On  Uterine  Ir- 
rUation^  and  its  Ejects  on  the  Female  Constitution.''  By 
H.  Dewar,  M.  IX  F.  R.  &  Edin. 


(Read  February  18.  1822:j 


X.  HE  communication  received  from  Dr  Dyce  chiefly  cJon- 
sists  of  a  description  of  a  singular  affection  of  the  nervous  sys- 
tem, and  mental  powers,  to  which  a  girl  of  sixteen  was  sub-^ 
ject  immediately  before  puberty,  and  which  disappeared  when  ] 
that  state  was  ftdly  established.  It  exemplifies  the  powerful 
influence  of  the  state  of  the  uterus  on  the  mental  faculties ; 
but  its  chief  value  arises  from  some  curious  relations  which  it 
presents  to  the  phenomena  of  mind,  and  which  claim  the  at- 
tention of  the  practical  metaphysician.  The  mental  symptoms 
of  this  affection  are  among  the  number  of  those  which  are  con- 
sidered as  uncommonly  difiicult  of  explanation.  It  is  a  case 
of  mental  disease,  attended  with  some  advantageous  manifes* 
tations  of  the  intellectual  powers ;  and  these  manifestations  dis-^ 
appearing  in  the  same  individual  in  the  healthy  state.  It  is  an 
instance  of  a  phenomenon  which  is  sometimes  called  double 
consciousness,  but  is  more  properly  a  divided  consciousness^ 
or  double  personality;  exhibiting  in  some  measure  two  se^ 
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parate  and  independent  trains  of  thought,  and  two  indepen- 
dent mental  capabilities,  in  the  same  individual ;  each  train 
of  thought,  and  each  capability,  being  wholly  dissevered  from 
the  other,  and  the  two  states  in  which  they  respectively  pre- 
dominate subject  to  frequent  interchanges  and  alternations. 

The  particulars  will  be  most  agreeably  communicated,  in  the 
order  of  their  occurrence  which  is  followed  by  Dr  Dyce, — 
part  of  the  narrative  being  given  in  the  words  of  Mrs  L— , 
in  whose  house  the  patient  lived  as  a  servant,  and  the  rest  in 
the  words  of  Dr  Dyce  himself,  consisting  of  the  facts  which 
fell  under  his  own  observation. 

The  history  of  the  complaint,  while  under  the  eye  of  this 
gentleman,  extends  from  the  2d  of  March  1815,  to  the  11th  of 
the  following  June,  including  a  period  of  more  than  three 
months.  But  the  symptoms  had  made  their  appearance  in  the 
end  of  the  preceding  December. 

The  first  symptom  was  an  uncommon  propensity  to  fall 
asleep  in  the  evenings,  for  which  she  was  reproved  by  Mxs 

L •    This  was  followed  by  the  habit  of  talking  in  ha:  bleep 

on  these  occasions.  She  not  only  uttered  such  wild  inco- 
herent expressions  as  persons,  under  the  affection  of  sleep-talk- 
ing commonly  do,  but  repeated  the  occurrences  of  the  day. 
She  also  sang  musical  air$,  both  sacred  and  profana 

One  evening,  in  the  house  of  an  acquaintance  of  Mrs  Ix  , 
where  she  seems  to  have  come  for  the  purpose  of  seeing  her 
mistress  home,  she  fell  asleep  in  this  manner,  imagined  hersdf 
an  Episcopal  clergyman,  went  through  the  ceremony  of  bap- 
tizing three  children,  and  gave  an  appropriate  extempore 
prayer.  Her  mistress  shook  het  by  the  shoulders,  on  whidi 
she  awoke,  and  appeared  inconscioua  of  every  thing  except 
that  she  had  fallen  asleep,  of  which  she  shewed  herself  asham- 
ed. 

Another 
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Another  evening,  having  fallen  asleep  surrounded  by  some 
of  the  inhabitants  of  the  house,  she  imagined  herself  to  be  liv- 
ing with  her  aunt  at  Epsom,  and  going  to'  the  races ;  placed 
herself  on  one  of  the  kitchen  stools,  and  rode  upon  it  into  the 
room,  with  much  spirit,  and  a  clattering  noise,  but  without  be- 
ing wakened.  Being  afterwards  severely  reprimaiided  for 
this  exhibition,  she  continued  free  from  the  habit  for  a  week. 
After  that  interval,  however,  it  returned  in  a  similar  form, 
with  this  addition,  that,  when  in  this  state,  she  answered  ques- 
tions which  were  put  to  her  by  others.  The  disease  now  in- 
creased, and  came  on  her  at  different  times  of  the  evening  and 
morning.     She  sometimes  dressed  herself  and  the  children 

while  in  this  state,  or,  as  Mrs  L calls  it,  "  dead  asleep,*' 

answered  questions  put  to  her  in  such  a  manner  as  to  shew 
tl)at  she  understood  the  question ;  but  the  answers  were 
often,  though  not  always,  incongruous.  One  day,  when  she 
was  in  this  state,  her  fellow-servant  was  desired  to  get  the 
key  of  a  closet  from  her,  in  order  to  do  the  duty  which  was 
generally  hers,  that  of  setting  the  breakfast-table.  The  girl, 
however,  refused  to  give  up  the  key,  and  set  the  breakfast 
herself  with  perfect  correctness,  with  her  eyes  shut.  She 
afterwards  woke  with  the  child  on  her  knee,  and  wondered 
how  she  had  got  on  her  clothes.  If  seized  in  this  manner  in 
the  house,  she  was  sometimes  restored  to  her  senses  by  being 
taken  out  to  the  cold  air,  especially  when  the  wind  blew  in 
her  face.  At  other  times  she  was  seized  with  this  affection 
while  walking  out  with  the  children. 

In  the  mean  time,  a  still  more  singular  and  interesting 
symptom  began  to  make  its  appearance.  The  circumstances 
which  occurred  during  the  paroxysm  were  completely  forgot- 
ten by  her  when  the  paroxysm  was  over,  but  were  perfectly 
remembered  during  subsequent  paroxysms.      Her  mistress 
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sajB,  that,  when  in  this  stupor  on  subsequent  occasions,  she 
told  her  what  was  said  to  her  on  the  evening  on  which  she 
baptized  the  children.  It  was  remarked  that,  while  under 
the  paroxysm,  she  knew  a  person  better  by  looking  at  the 
shadow  than  at  the  body  ;  that  is,  she  peroeivied  those  ol^eets 
best  whidi  were  presented  merely  in  outUne;ior  were  very  c^m^ 
ly  illuminated.  The  disease  made  progress  in  the  interral  be- 
tween its  first  appearance  in  December  and  the  beginning  of 
March,  though  no  dates  of  its  different  stages  are  given. 
From  the  2d  of  March  till  its  disappeavi^ce  Dr  Dyce's  ac- 
count is  very  circumstantial. 

She  was  brought  to  him  for  medical  adyioe  by  her  mother. 
The  mother  called  these  affections  deqn^^.  The  givl  herself 
called  them  wanderings.  They  sometimes  continued  for  an 
hour.  If  they  came  on  when  she  was  in  bed,  she  sometimes 
rose  and  tried  to  raise  the  sashes  of  the  windows.  The  eyes 
were  described  as  half-shut,  the  pupils  dilated,  and  the  cornea 
covei'ed  with  a  dimness  or  glaze,  resembling  those  of  a  person 
in  syncope.  She  answered  many  questions  correctly,  shewing 
at  times  scarcely  any  failure  of  her  mental  powers.  It  was  re- 
marked, that  she  always  retained  the  impression  last  made  on 
her  previous  to  the  fit. 

With  regard  to  the  case  as  an  object  of  medical  attention,  it 
is  sufficient  to  mention  that  ^me  foulness  of  tongue,  and 
other  symptoms  of  torpor  or  disorder  in  the  alimentary  canal, 
accompanied  these  mental  phenomena,  and  wer«  treated  by 
Dr  Dyce  principally  with  emetics  and  laxatives,  in  proportion 
to  their  degree. 

The  symptoms  of  the  paroxysiq,  as  th^y  fell  under  the  Doc 
tor's  own  eye  for  the  first  time,  are  thup  described.  '.*  When 
she  was  brought  to  my  room  she  ^ppmred  as  if  in  a  state  of 

stupor, 
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stupor^  Her  eyes  were  hal£-opfeQ ;  but^  when  desired,  she 
could  open  them  eompiekriy.  At  other  times  she  closed  them, 
as  if.  inconseious  of  what  she  did  When  desired  to  look  at 
me,  and  tell  who  I  was,  she  gave  a  vacant  kind  of  stare,  and 
named  some  other  person.  When  desired  to  look  romkd,  and 
day  where  she  was,  she  looked  round  with  some  appareivk  at- 
tention ;  bat,  though  she  had  been  in  that  room  more  than 
once  before,  she  said  she  was  in  the  New  Inn.  When  de- 
sired to  turn  her  eyes  to  the  direct  rays  of  the  sun,  she  readily 
obeyed,  but  tlpere  vms  bo  pi^rceptible  contraction  of  the  iris. 
She  saw  some  objects  perfectly,  for  die  i^ad  quite  distinctly  a 
I  pari  of  the  dedication  of  a  book  which  she  could  not  have  seen 
before,  and  corrected  herself  in  the  pronunciation  of  the  word 
conqncwms^  whidi  she  l^ad.  called  cimspiciaus.  Being  asked  to  tdl 
the  hour;  by  a:  watch  which  Was  shewn  to  her,  she  did  not  give 
th^  pr6per  answer.  Pulse  70;  extremities  rather  cold.  Be- 
ing de^rM  to  stand  up,,  ske  did  it  most  readily,  but  requii^ 
some  time  and  a  little  efibrt  to  stand  firmly,  as  she  sta^ered 
at  first  like  ^person  Waked  out  of  sle^.  Birt  soon  after,  she 
coulji  stand,  walk,  qt:  dance  as  wdl  as  other  people.  Being  de- 
sired |o  9ing^,  9he.saf^  a  hymA  deli^tfidfy ;  and  fix>m  a  com- 
p{u::lBpii  whit^i  I  :(|>r  Ptce)  had  ad  opportimity  of  making,  it 
appiear^d  incomparfti^y  better  sung  thi^  she  coidd  sing  the 
san^  tmie  when^well^  The  same  appealed  to  be  the  case  to 
persons  whq^p, skill; in  fOUBic  wais  much  st^rior  to  my  own/* 

Her  ba^s  )^ere  immersed  in  cold  water,  in  consequence  of 
which  she  r^p]if^e^  het  tenses,  exactly  like  a  person  waked 
out  of  a  $otmd  ^Jleepy  and  Mth  the  same  yaiwntng  and  stretch-^ 
ing.  This  .mode  of  rousiKig  her  had  often  succeeded  in  the 
house  where  she  Ijiv^d,  and  was  tried  novT  at  tbe  $u^stkm  <^ 
the  person  who  accompanied  hen  She  now  knew  the  pers(ms 
and;  things  $ur«olHidllBg  hel^ 
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The^  account  which  she  gave  of  h&  feelmgs  as  connected 
with  her  present  situation  was,  that  previously  to  an  attack  she 
felt  droiwsy,  with  a  little  pain  in  the  head  ;  then  a  cloudiness 
or  mistiness  came  over  her  eyes ;  she  heard  a  peculiar  noise 
in  her  head  resembling  that  of  a  carriage  running,  and  had  a 
feeling  of  motion  as  if  she  were  seated  in  such  a  carriage. 
When  this  stage  supervened,  her  conceptions  of  external  ob- 
jects were  immediately  altered. 

Next  day  (March  5.)  while  under  a  fit,  she  performed  in 
the  most  correct  manner  some  of  her  accustomed  duties  relat- 
ing to  the  pantry,  and  the  dinner-table.  Dr  Dyce  went  to  see 
her ;  she  gave  him  a  wrong  name  as  formerly ;  when  her 
mistress  desired  her  to  stand  straight  up,  look  round,  and  tell 
where  she  was,  she  recovered  instantly  j  but  it  was  only  for  a 
little ;  she  very  soon  relapsed.  When  asked  to  read  in  an  al- 
manac held  before  her,  she  did  not  seem  to  see  it,  nor  did  she 
notice  a  stick  which  was  held  out  to  her.  Being  asked  a  se- 
cond time  to  read,  she  repeated  a  portion  of  Scripture,  and 
did  not  give  a  correct  answer  when  asked  where  she  was.  Be- 
ing desired  to  state  what  she  felt,  she  put  her  hand  to  her  fore- 
head, and  complained  of  her  head ;  said  '^  she  saw  the  mice  run- 
ning through  the  room.''    Mrs  L mentioned  that  she  had 

said  the  same  thing  on  many  former  occasions,  even  when  her 
eyes  were  shut ;  that  she  also  frequently  imagined  that  she  was 
accompanied  by  a  little  black  dog,  which  she  could  not  get  rid 
of;  did  not,  in  general,  express  any  particular  uneasiness  from 
that  cause  ;  at  times,  however,  cried  in  consequence  of  it,  and 
at  other  times  laughed  immoderately.  In  some  of  her  repeat- 
ed paroxysms,  she  insisted  that  she  was  going  to  church  to 
preach.  One  day,  while  taking  out  two  infants  for  an  airing, 
she  was  seized  with  one  of  her  fits  on  the  quay,  and  without 
hesitation  walked  along  a  single  plank  placed  between  a  ves- 
sel 
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sd  and  the.  ahore,  and  even  dahoed  on  it  iwidilthe  children* 
Of  this.circumstakioe  she  afiierwarda,  when  well,  denied  all 
knowledge.  Thia  wasinTariably  the  case  ;  but  with  eqiml  re- 
gularity she  acknowledged:  and  asserted  it  whep  under  the  in- 
fluence of  a  paroxysm; 

On  the  following  day  she  had  a  threatening^  .which  went  off 
without  being  fidllowed  by  the  usual  degree  of  insensibility. 
She  says  she  now  knows  for  a  quarter  of  an  hour  before  the 
attack.  This  day  some  local  bodily  sjrmptoms  were  added  to 
her  usual  complaint^  which  it  is  unnecessary  to  particularise, 
but  which  were  fully  accounted  for  l^  a  horrid  transaction 
which  on  the  following  day  (the  8th  of  March),  her  mother 
related  to  Dr  Dtce.  .Another  young  woman,  a  depraved  fel- 
low*servadt,  understanding  that  she  wholly  forgot  every  tran- 
saction that  occurred  during  the  fit,  clandestinely  introduced 
a  young  man  into  the  house,  who  treated  her  with  the  utmost 
rudeness,  while  her  fellow-servant  stopped  her  mouth  with  the 
bed-clothes,  and  otherwise  overpowered  a  vigorous  resistance 
which  was  made  by  her  even  diiring  the  influence  of  her  com- 
plaint Next  day  she  had  not  the  slightest  recollection  even  of 
that  transaction,  nor  did  any  person  interested  in  her  welfare 
know  of  it  for  several  days,  till  she  was  in  one  of  her  pa- 
roxysms, when  she  related  the  whole  facts  to  her  mother. 
Some  particulars  are  given  by  Dr  Dyce  clothed  in  the  Latin 
language,  and  others  were  told  him  which  he  does  not  think 
it  necessary  at  all  to  detail. 

Next  Sunday  she  was  taken  to  church  by  her  mistress,  while 
the  paroxysm  was  on  her.  She  shed  tears  daring  the  sermon, 
particularly  during  an  account  given  of  theiexecution  of  three 
yo^ng  men  at  Edinburgh*  who  had  described  in  their  dying  de- 
clan^iona  the  dangerous  steps  with  which  their  career  of  vice 
and  infainy  took  its  commcficeiment  When  she  returned  home, 
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i^e  I'ecovered  in  a  quarter  tDf :  sak>  bmuv  ^'^asi  qiittef  kuraitecL  afe  the 
qttestions  p\it  to  her  dboat  the  iduirclitand)tlie  senoon,  and  d^ 
nied  that  i^e  had  bee»  in  any  siiidi  :piaoe }"  but  nextsfight,  on 
being  ta]cen  ill,  dhe  mentioBedthat' dtelfaad  been  irt;efawch^ 
repeated  the  words  of  the  text,  and,  im.'Dr  Dvci^s  faeadng, 
gave  an^  accurate  acseount  of  the  tragical  Aarratire  of  the  three 
yoiuig  men^  by  which  her  feelings  Uad  b£leii  so  powerfully 
affected.  Od  this  occasion,  though  in/Mrs  L'^-i  -B  house,  she 
asserted  that  she  was'  in  her  kiiother<  si    .  i  <  r    .  m  . 

.  Dr  Dtck  saw  her  on  many  subeequcint  ocdiskms,  whenmmi- 
larly  affected,!  and  from  one  fit  she  rccovdrdd  m  his  presemre. 
He  said  tb6  eyes  hfltd  now  all  tbe  vivac^y  of  youth  a»Hi  health. 
Previously  thejr  ^wiere  IM^e  diose  of  a  person  utider'aulataroi^s, 
or  those  of  n  person  haif^nebtiatedy  atifd  wlib  hud  nev«ir  been 
in  that  state  before.  Die  diffiereBee^  ike^  sayff,  is  not  perfectly 
expngssed  by  eithet  or  both  of  ikeae  ieoihpdrisonsy  but  was  very 
striking  to  all:  who  saw  be£«  j  k-.v^  ,t  :. 
;  Cal&ig  one  day,  ati  hour  aftev  secotMing  from'  ai  fit  ^h 
which  she  had  been  seiaedln  the  momiog,  die  'waa  quite  wtiH^, 
only  complaifiing  of  a^  tiniifused  fedingin  bcv  itekd,^cc6fflpa* 
nied  now  and  ttosn  with  ringis^  of  the  eafSi  The*  countenance 
wd6  somewhat  defected,  and  tllei^.was>  a  slight  UvMity  imd6r 
the  eyes.  •     i.i   ;>;  ;.  -.  -  ^^  •. ' 

On  one  dccasion,  wiieh  ^  tb%^  ^^ctor  "saw  heir  in  ^  fit,  he  Mys 
her  srtai^  was  accbifipaitied  witl^sdmethinj^  iiatenlbling  #  HjtdtU 
in  the  eye.  i   -'  ^  *        • 

About  the^  26th  of  Mar dk  she  c6m]^^»xxeA  of  a^ ipctiil  ifi'her 
heady  as  if  it  had  been  eat  in  IkWo.  Formcniy  she  hod' only 
compIamedof'Oonfunoiiu  1- '-•'  i  '-'M':  *'      -^i  .,/'iiij'>  •-!/•. 

On  Sdnday  the  ^26tlij  wfrife  InrMa^^^  she  oeytiletfceil  pt«pa^ 
rations  for  going  to)  chmdi  j  bnti^hile  curlinig  (her  hbk^  bami^ 
her  br6w  with  thi^  hot  curlingc^ongs^  wiiich  mmed  hcfr  flom 
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tii6ftocpUfltatetiaBdidie'iii^^  roBollected  tiiait  her  mis- 

trtsa  had.  given  berosdevs  to  stay  at  home.      /  ^ 

On  Friday  the  7th  of  April,  Dr  DvcEhad  an  opportubity  of 
sedng  hereunder  die.  influence  oft  a  fit,  in  her  mistresses  house. 
He  found  her  running  up  and  down  the  room,  und  arranging 
things  wb^cfi  i^peared  to  her  tb  be  iik  confusiofi.  On  being 
asked  if  she  kne^  hamvcihe  Baid,  ^  Oh  yes,  I  know  that  stick 
and  tassel ;  they -sov-Dr  Dyoe's/'  ifler  eyelids  appeared  shut ; 
but  when  he  stooped^  and  lodked  to  theqpi  from  below,  he 
found  them  not  entirely  closed.  When  he  raised  the  upper 
eyelid  a  little,  it  seemed  to  give  her  p^p^  at  least  she  would  not 
allow  it  to  be  repeated.  When  hi$  desired  jber  to  point  to  differ- 
ent parts  of  his  b^y  and  dreiss,  and  name  them,  he  found  that 
she  could  not  do  it  #hen  the  light  of  the  candle  or  fire  shone 
fully  on  him  ;  but  pointed  out  every  part  accurately,  when  it 
was  placed  in  the  shade.  At  this  time,  when  he  tried  again  to 
open  the  eyelids,  he  found  the  pupils  greatly  contracted,  a 
state  the  reverse  of  that  which  made  its  appearance  in  all  his 
previoiM  examinations.  Tim  contrariety:  is  not  easily  explain- 
ed when  we  eonsider  that  t^  habitu^ea  of  the  iunction  of  vi- 
sion seemed  in  all  other  vespects  the  «am^  as  on  foi4i!ier  occa- 
sions.    '    •'..-•  ."iV  .'•       '^^  ••.'*■■•"    '  '   '  '    r. 

"  On  exanaining  her  head  aU  over,  Dr  Dyoe  now  remarked  par- 
ticularlyj  that  die  slporunk  much  when  he  touched  the  upper  part, . 
the  regicod  of  the  fontaneUe;  The  head  was  shaved,;  with  a  view 
to  the  i^plioa^ion.Qif,  a  blister,  and  be  found  somie  degree  of 
swdling  in  that  situation.  The  soreness  was  entirely  superfi- 
cial, for  a  lightLtoitch  gave  the  samepain  as.  a  ruder  impulse, 
ora:C3onsideraiiilerpress^Mu  >       vr 

Fiom  Monday  the  lith  of  April,  till  Friday  the  ^  of  May, 
she  was  free*  firdnL  abypaioxysm. 

In  CQnfeq\i0io&  of  the  afiqpearance  of  bloody  stools,  and 
other  symptoms  of  a  similar  Jiatui^e,  Dr  Dyoe  tlionght  proper 
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to  have  her  blecL  An  emetic  was  exhibitod,  and  brou^t  up 
from  the  stomach  a  black  matter,  iqppearmg  to  consist  partly 
of  old  and  darkened  blood 

On  the  18th  of  June  she  felt  a  little  fulness  and  uneasiness 
in  her  breasts. 

On  the  evening  of  the  11th  there  was  a  slight  appearance  of 
the  menstrual  discharge,  which  disappeared  n^ct  day. 

On  the  15th  the  same  appearance  occurred. 

The  menses  appeared  r^ularly  on  the  9th  of  July  and  the 
5th  of  August 

Ever  after  the  first  i^pearance  of  this  discharge  she  conti- 
nued free  from  complaint,  up  to  the  time  when  Dr  Dyce's  ac- 
count closes,  when  he  had  just  seen  his  quondam  patient  more 
than  a  year  after  she  had  been  perfectly  well. 


Tms  case  certainly  gives  an  interesting  illustration  of  the 
obliquities  to  which  the  physiology  of  the  nerves,  and  the  ex- 
ercise of  the  mental  powers  are  subject 

Somnambulism  is  in  itself  a  very  remarkable  phenomenon, 
not  so  much  from  the  partiality  of  the  affection  of  the  senses 
implied  in  it,  for  this  is  sufficiently  exemplified  in  the  act  of 
dreaming,  in  which  the  imagination  alone  is  active,  and  is  not 
guided,  and  but  very  obscurely  influenced,  by  any  of  the  objects 
which  solicit  the  external  senses.  It  is  well  known,  however, 
to  those  who  have  studied  the  history  of  dreams,  that  this  is 
not  always  the  case,  and  that  in  many  instances  the  manner 
of  drtoming  is  dictated  not  only  by  the  scenes  in  which  the  in- 
dividual has  been  engaged  ^en  awake,  but  by  those  objects 
which  are  at  the  time  presented  to  his  senses,  especially  to 
those  of  touch  and  hearing.  The  most  remarkable  circum- 
stance 
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Stance  in  sombambulbniv  ib  <the  uneqittlled> ,  iMlcuraoy  \^iih 
which  a  person  in  that  state  sometimesi  conducts  ^hi&jirdceed^ 
ings,  an  accuracy  superior  to  that  of  whtdi  he  is  capaU^:  when 
fully  awake.  A  somnambulist  has  gcme  out  by  a  winddw,  anid 
walked  along  the  roof  of  a  house,,wiiii.a.  degree  of  aecuiiiy 
which  he  never  couU  haye  ^fijoyi^d  in  tlie  same^locilfisituatibn 
in  his  waking  hoiira^  Such  facts  evince  a  strmgie  mi^JburiejoC 
accurate  perception . and  selfrmanaggmfiOt  yfUh  th^ifk\^0^^,o( 
genei^al  recollection  and  self-knowlec^e :  aitd  it  is  tjBRiair^^ble 
that  the  accurate  perceptions:  which  parfkC)n$.ip.:<^iAiS^Ma^i^^^ 
retain,  and  which  ma^  iii  aojsie  measure  li^Q^th^^effe^ct  of  habit 
on  the  faculties,  are  so  completely  dissevered  from  the  imme-r 
diate  influence  of  general  sensatiob^  that  when  the  individual 
is  wakened  by  loud  speaking,  or  by  a  shock  from  tt  by^tandeit, 
he  sometimes  becomes  inexpressibly  bewildered  and  unhappy, 
and  does  not  know  where  he  is.  Instances  are  said  toiiave  Oc- 
curred, in  which  a  somnambulist'  abruptly  wakened  while  walkr 
ing  out  of  doors,  has,^  by  the  unhappy  distraction  attending 
the  transition,  been  thrown  into  a^tate  of  permanent  insanity. 

The  influience  of  association  on  all  our  tfaou^ts,!  on  the  me- 
mory, on  the  imagination,  and  even  on  the  freedom  and  facili<- 
ty  of  those  mental  movements  which  we  call  exertions  of  the 
active  powei's^  is  familiarly  observed  by  every  person  who  has 
paid  the  least  attention  to  human  nature,  or  to  the  proceedings 
of  his  own  mind.  We  never  wonder  at  our  nlental  acts  being 
varied  in  their  degree  of  intensity  or  facility  by  this  all-per« 
vading  principle.  It  is  only  a  greater  degree  of  the  same  de^ 
pendence  on  particular  associations  that  constitutes  such  ano- 
malies as  made  their  appearance  in  the  history  of  this  poor 
girl.  In  other  cases^  objects  are  recollected  less  easily  and 
less  vividly  in  some  circumstances  than  in  others.  In  this  case 
one  set  of  objects  was  not  recollected  at  all,  and  could  not  be 
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iti^tbe  least  d^iiee  i«}ogiiisedior  bit)iigfcb;tb:mind.by  sdj  80^^ 
geated  apsbciatioiks^  unless ^thej  oocurr^'in 'that  trains  arid 
while  thetnimd  was  linder '  that  particular  tUaeaaed  habit  uod^ 
which  th^  were,  generated^;  abd  in  this,  case  they  occurred 
w;ith  r^diness  and  fideliiiy./j^L.  )fl       ... 

ThiS)  rodeed,  waa  a: case  bfidveaae^. evidently,  d^ending  on 
the  dtate  of  the^  brain  as  connected  with  the  habitudes  of.  the 
sanguHbrous  systeoii  In  thi^  particular  it  is  to  be  ranked  with 
the  aberrations  whidi  consfikute  inany  cases  of  insanity ;  and  it 
is  both  curious  Atid  humbling  ta  think,  that  in  insanity  itselfthere 
is  searcelj  a  itt^iial  irreguku^ty  admitting  of  description,  but 
what  may  be  shown  to  be  only  a  greater  degree  of  those 
mental  ttbefrations,  those  ibUies,  and  those  partialities  to  which 
the  most  vigorous  and  the  most  qofrect  minds  are  continually 
liabfe*.  '  : 

The  strong  contrast  between  the  mental  states  of  this  per^ 
son  tmder  her  fit,  and  when  it  was  ofiv  is  to  be  classed  with  a 
set  of  facts,  of  which  some  other  ^kamples  have  lately  come  to 
the'  public  knowledge  One  of  them  was  in  an  apparently 
simple  gbl  in  the  aei^bJboiidiood.or  Stirling,  who,  ift  her  sleep^ 
tidked  like^ «  profound  .philoso]^er>  soh^ed  geographical  proK 
blems,  and  ^enlarged  on  the  principles  of  astronomy,  detailing 
thei  wbrkinga  of  ideas  whi(^.had  beea:  suggested  to  her  mind, 
by  oveivhearing  the  lei^sons  whidb.  were  given  Jb^  a  tutor  to  the 
children  of  1  the  family  in  which  she  lived*  TYiei  originality  of 
the  language  T^hichi  lahe  used;  shewed  something  more  thaia.a 
bare  repetition  of  what  she. had  heard.  .  She  explained  the  al- 
ternations of  winter  and.summer,  for  iostance,  by  saying,  that 
•'  thor  earth  w^as  set  a-gfee." 

.  AnotJiear 


♦  Some  views  on  this  subject  are  given  by  the  author  of  the  present  report  in 
the  article  "  Insanity,'*  in  the  Edinburgh  Encyclopaedia,     , 
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Another  case  was  tnentiotted  in  some  ofi'the.  liewqi^^rs, 
two  or  peiiiaps  three  years  ago,  bf  a  rinore  tiiitiked  instance  ;pf 
double  consciousness.  The^ individual  was  liiihle  id^tvf.QjtM^ 
eadb:  of  which,  ifl  rightly  recolltet^  continued  for  two  or  nlore 
years.  In  the  dnte  state,  whianat  J&rsfc  came  oh,  thtepeitvas.^ 
oblivion  of  ail  fortnfer  eduokion,  hiiit  ho  defibirfncyhrf  mi^ntal 
vigour  as  applied  to  ideas  or  pursuits  subsequently  fprecH^ting 
themselves.  It  was  necessary  for  this  womaaitotrecammerice 
the  studies  of  reading  4ndithfeial-t)ofwritifag4'  Aiaepbr^ejriA  of 
nptions,  and  irep^mt^  ^compUj^m^its'>were' now  fdrmeciL h-.-In 
one  of  thei  states  iti  )sxq[uisite  talent  for  inusic,  iand  !somie  i hdier^ 
whidbi  implied  refinement,  were  diipUrfed.  Wlien  anoth^ 
mental  revolution  arrived,  these  utterly  disappeared,  and  theiqt 
dividual  was  reduced  to  a  level  with  the  rest  of :  mankind,  Ah^ 
playing  a  aufficiedt  portion' of  common  senses  ,|>Ut  nothing 
briUiant      ;       •  ..     *: 

Di£ferencei9  more  or  less  allied  to  these  are  pnkiuced  by.a 
variety  of  louses.  .  ■:       .;  ^i:>.i 

Sometimes  external  fortube  ha&  an  influto^e  of  .this  kin4^ 
There  are  individuals  who,  in  th^  hour  of  prjcfsper^y,  And 
when  under  the  influence  of  sober;  and  ^iform  grt^tifiiqa- 
tion^  i>how  an  e&$:qtiisite  taste  for  music,  b|it  lose  this  as  soon 
as  a  slight  doud  A|)p$ars  6n  the  horizon  of  life,  a^d'  who  then, 
thoi^h  they  jBvihce  such  tdents  ai  <tre  ;tb^  repuU  pf  persever^ 
ing  thought,,  and  are  capable  of  beij]^  exercised,  by:  deliberate 
study^  lose  ail  that  satisfactpry  delight  whicli  gives,  bi^  to  u 
brilliancy  of  mental  manifestations ;  at  least  these  only  appear 
in  the  occasional  occurrpfice/ of  happy  ^combinations,  being 
never,  for  any  len^;  of  timje^  animated  by  such  a  supported 
impulse  ^  to  generate  a  current  of  habitual  felicities. 

Sometimes  the  state  of  the  brain,  as  influenced  primarily 
by  disease^  determines  the  operation  of  these  ment^  states. 
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r  External  applications  are  well  known  to  possess  a  similar 
agency.  We  all  know  the  influence  of  opium,  and  still  more 
familiarly  that  of  inebriating  liquors. 

A  more  singular  agent  is  tiie  gas  called  the  nitrous  oxide, 
when  inspired  by  the  lungs,  by  the  use  of  which  the  individual 
is  elevated  in  half  a  minute  to  the  third  heavens,  and  when 
it  is  discontinued,  is  in  an  instant  reduced  again  to  the  feelings 
of  a  common  cliild  of  earth. 

The  girl  who  is  the  subject  of  Dr  Dyce's  communication 
made,  in  the  mode  of  commencement  of  her  paroxysm,  an  ajj- 
proach  to  what  is  frequently  the  effect  of  this  curious  agent. 
Some  persons  (perhaps  the  greater  number)  who  breathe  the 
gas  first  feel  a  little  confusion,  afterwards  a  tingling  in  the 
ears,  then  a  sensation  of  great  fulness  and  tension  of  the  cra- 
nium, giving  the  idea  of  a  bladder  distended  with  air*  This 
is  accompanied  with  a  feeling  of  alarm,  but  is  instantly  follow- 
ed by  a  train  of  rapturous  thoughts,  accompanied  by  a  feeling 
of  mental  power,  during  which  thousands  of  ideas  seem  to  pass 
throncrh  the  mind  in  a  small  fraction  of  a  minute,  and  the  in- 
dividual  feels  as  if  nothing  in  the  universe  could  resist  his 
energies.  The  commencement  of  this  state  has  some  resem- 
blance to  that  of  this  girl,  as  above  described ;  she  said  that 
she  first  felt  a  drowsiness,  with  a  little  pain  in  the  head  ;  then 
a  cloud  or  mist  came  over  her  eyes,  attended  with  a  peculiar 
noise  and  motion  in  the  head,  resembling  a  carriage  in  which 
she  was  placed,  moving  along  with  great  velocity.  The  re- 
semblance is  not  perfect.  It  is  only  such  as  to  shew  some 
analo«>y  between  the  effects  of  the  nitrous  oxide  and  the  state 
induced  by  a  paroxysm  of  disease  arising  from  particular 
spontaneous  circumstances  of  the  constitution,  and  accompa- 
nied by  a  sufficient  susceptibility  to  tender  emotions,  and  the 
exhibition  of  more  than  her  ordinary  degree  of  musical  taste 
and  execution. 
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The  preceding  analogies  are,  I  confess,  somewhat  loose.  It 
would  be  interesting  to  have  a  copious  collection  of  well  au- 
thenticated facts,  and  an  arrangement  given  to  them  fitted  to 
shew  the  shades  of  transition  by  which  different  mental  states 
graduate  into  one  another. 

H.  Dewar. 
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XXVIL— i)efmp<io»  of$ome  Indian  Idols  in  the  Mttseum^ef  the 
Society k  By  W.  A.  Gadei^l,  Esq.  F.  R»S.  Lend.  & 
Edin. 


(Read  March  6.  1820.^ 


X  HE  figures,  sculptured  in  full  relief,  and  here  represented 
by  the  four  drawings  in  Plate  XXIV.,  are  idols  brought  from 
India  in  the  year  1800,  by  Francis  Simpson,  Esq.,  which  I 
had  the  honour  of  presenting  to  the  Society  at  his  request. 

According  to  information  with  which  I  have  been  favoured 
by  gentlemen  conversant  with  the  literature  of  India,  these 
idols  are  Cali,  Suria  and  Buda. 

The  first  of  the  figures  (Plate  XXIV.  fig.  1.)  is  the  god- 
dess Calx,  a  personification  of  all-devouring  Time,  like 
the  Cronos  ri^ro^ayo^  of  the  Greeks ;  and  of  the  destroy- 
ing principle,  as  Typhon  was  in  the  Egyptian  mytholo- 
gy. The  Egyptians,  considering  the  continual  recurrence 
of  generation,  growth  and  destruction  in  the  universe,  as- 
cribed to  the  energy  of  Isis  and  Osiris  all  the  regular  pheno- 
mena and  processes  of  Nature  which  are  beneficial  to  man- 
kind ;  Isis  was  therefore  myri-onymos,  she  had  a  multitude  of 
names,  she  was  the  fertilising  water  of  the  Nile,  the  Sun,  the 
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Earth,  Heaven ;  she  was  worshipped  as  the  giver  of  all  that  is 
good  and  beautiful  in  nature.  They  imagined  another  deity, 
Typhon,  the  destroying  power,  the  cause  of  miasma,  of  excess 
sive  heat,  of  storms,  of  every  inordinate  action  of  the  de- 
ments, whether  in  excess  or  defect,  and  whatever  is  hurtful  to 
mankind^.  In  like  manner,  amongst  the  Hindus,  Vishnu, 
(that  is  the  ppivader),  the  preserver  and  giver  of  life,  is  a  per- 
sonification of  the  power  of  the .  Supreme  Being,  which  is  ex- 
erted in  preserving  the  universe.  Siva  represents  the  Supreme 
Being,  considered  as  the  destroyer  and  changer  of  forms ;  and 
Bramah  represents  the  creating  power  of  the  Supreme  Being* 
The  goddess  Cali  is  the  consort. of  Siva ;  she  is  represented  in 
the  figure  before  us  as  an  emaciated  old  woman,  with  a  hide^ 
ous  countenance,  and  pendulous  breasts.  The  eye-balls  appear 
like  hemispheres  in  the  sockets,  by  reason  of  the  atrophy  of 
the  fat  apd  muscle.  The  figure  has  many  hands,  holding  Wea- 
pons of  different  kinds ;  A  sword,  a  sacrificing  knife,  a  mace, 
a  beU  that  announces  the  sacrifice,  a  rattle  called  damaru, 
shaped  like  an  hour-glass,  and  a  human  head.  The  right 
hand  in  front  holds  a  cup  of  the  blood  of  sacrifices  ^  a  fin- 
ger of  the  left  is  placed  on  the  lips.  The  sole  of  the  left 
foot  is  turned  upwards,  and  a  round  body  like  a  coin  is  placed 
on  it.  Human  skulls  are  in  the  head-dress,  which  is  sur- 
mounted by  a  bird  like  an  owl  j  snakes  hang  down  fi^om  the 
head,  on  each  side,  in  place  of  hair.  A  cord  on  which  human 
skulls  are  strung,  called  mund  mala,  (that  is,  chaplet  of 
dkulls),  hangs  down  over  the  shoulders.  The  skulls  repre- 
sent the  lapse  of  ages,  by  the  extinction  of  successive  ge- 
nerations., Cali  is  seated  on  the  pr6strate  figui*e  of  a  man, 
typical  of  the  destruction  of  the  wdrld,  and  of  secular  time, 

which 
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which  is  trodden  under  foot  by  Maha  Cali  or  eternity  ^4 
A  small  figure  of  an  antelope  or  kid  standings  and  lodg- 
ing up,  is  on  the  left  side  of  the  stone,  near  the  head 
of  the  prostrate  figure:  this  is  not  seen  in  the  drawing, 
which  represents  only  the  front  of  the  stone.  Cali  is  paint- 
ed black  by  the  Hindu  artists.  Anciently  human  sacrifices 
were  offered  to  Cali,  according  to  the  ritual  of  the  Vedas; 
the  sacrifices  now  offered  are  kids.  The  worship  of  Cali  ori- 
ginated in  India,  with  the  Saiva's,  that  is,  the  sect  of  Siva, 
and  caused  a  separation  from  the  Vaishnava's  or  sect  of  Vish- 
nu. The  consort  of  Siva,  like  the  other  deities,  is  known  by 
many  different  epithets,  with  some  variation  of  character  and 
attributes  in  each  form  and  name ;  she  is  Cali,  Parvati,  Darga, 
Bhavani  The  Cali  age,  or  Kolei  joog,  in  Hindu  mythology, 
is  the  fourth  age  of  the  world,  the  age  which  now  exists :  the 
epoch  of  the  commencement  of  this  era  is  4916  years  ago. 

Ill  the  possession  of  the  Antiquarian  Society  of  Edinburgh, 
there  is  an  Indian  idol  of  stone,  representing  a  man  standing, 
with  four  arms  holding  weapons,  and  a  cord  hanging  down 
from  the  arms,  like  the  figure  of  Cali  at  Fig.  1 :  but  the  ex- 
pression is  quite  different,  the  figure  is  not  emaciated,  the  face 
is  placid,  and  th^re  are  no  skulls  on  the  cord.  The  god 
Cal,  a  god  of  the  sect  of  Siva,  is  represented  with  similar  em- 
blems in  the  excavated  temples  of  Elephanta.  Vishnu  is  also 
represented  with  four  arms,  holding  the  flower  of  the  nelum- 
bo;  the  sancha,  an  emblem  of  his  power  to  preserve;  the 
mace,  a  type  of  his  destroying  power ;  the  chacra,  shewing  his 
universal  supremacy. 

Another  figure  of  this  kind,  with  fobr  arnls,  holding  a  mace 

and  other  weapons,  and  standing  upon  a  lion,  is  in  the  Mu- 

VOL.  IX.  p.  II.  3  c  seum 


*  See  Asiatic  Researches,  vol.  viii.  Dissertation  S; 
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seum  of  the  Univensity  of  Edinburgh :  it  is  Cali  in  one  of 
her  charaoter?  called  Darga,  (that  is,  difBcult  of  access),  attend- 
ed by  l^iva,  in  form  of  a  lion ;  the  figure  is  of  talcaceous 
stone.  The  Hindu  god  Iswara,  a  name  which  Sir  W.  Jones 
supposes  to  be  analogous  to  Osiris ;  the  goddess  Isani,  who  re- 
presents the  powers  of  nature ;  Carticeya,  the  son  of  the  god- 
dess Parvati,  (parvat  signifies  mountain) ;  these  three  (Iswara, 
Isani,  and  Carticeya)  are  deities  of  the  sect  of  Siva,  like  Cali, 
and  are  represented  like  Cali  with  many  arms  holding  wea- 
pons. The  god  Qjuanwon,  worshipped  in  Japan,  is  repre- 
sented in  the  same  manner  *. 

The  next  figure  (PL  XXIV.  fig.  2.)  is  Suria,  the  Sun,  the 
deity  whose  province  is  analogous  to  that  of  Apollo  in  the 
Greek  mythology.     The  three  great  Hindu  divisions  of  the 
power  of  the    Supreme    Being,   are   Vishnu   the  preserver 
and  giver   of   life,   who   is    also   called   Narayan,   (that  is, 
moving   on   the  waters)  ;    Siva   the  destroyer,    reproducer, 
and  changer  of  forms,  called  also  Mahadeva :  and  Brahma,  the 
Creator.     Suria  is  the  image  of  a  portion  of  the  first  of  these 
powers.   Etymologists  have  shewn  the  resemblance  of  the  San- 
scrit to  the  Persian,  the  Greek,  Latin,  and  Gothic  languages ; 
so  as  to  make  it  probable  that  the  nations  of  Europe,  the  Per- 
sians and  the  Hindus,  derive  their  language  and  birth  from 
one  and  the  same  ancient  nation  which  existed  in  Persia  be- 
fore the  Assyrians,  and  before  the  times  recorded  in  the  his- 
tories now  extant.     An  instance  of  this  resemblance  occurs 
in  the  Hindu  word  Suria,  and  the  Greek  2sigio(j  which  appear 
to  originate  from  the  same  root,  signifying  in  both  languages 
a  brilliant  star  and  the  Sun.     Suidas  and  Hesychius  mention 
that  the  words  lug  and  lugio^y  in  the  languages  anciently 

spoken 

*  See  a  figure  in  Kaempfer^s  History  of  Japan, 
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spoken  on  the  eaatem  shores  of  the  Mediterranean,  were  ap- 
plied to  denote  the  Sun  as  well  as  the  star  Sirius^.  which  is 
one  of  the  most  brilliant  of  the  fixed  stars  visible  in  the  cli- 
mate of  the  Mediterranean.     Crishna  is  another  name  giv!ea 
by  the   Hindus  to  the  idol  that  they  have  formed  as  a  per- 
sonification of  the  Sun.     Crishna,  the  shepherd  god,  is  also 
considered  to  be  an  incarnation  of  Vishnu,  and  his  life  upon 
earth   is   related  in   Hindu  books:    in   a  celebrated  temple 
in   India,    Crishna  is  worshipped   under   the   name  of   la- 
gan-nath,  that  is,  the  lord  of  nature.     The  figure  of  Suria  is 
here  erect.      The    principal    figure,    and  three  of   the  at- 
tendants,   are    placed   upon  bases,  formed  like  the  flower 
of  the  nelumbo  or  water-lily,  and  flowers   are  represented 
on  each  side,  indicating  the  power  of  the  sun  in  promoting 
the  vegetation  of  plants  on  the  earth.    The  hands  of  the  figure 
are  broken  off,  but  there  remains  an  octopetalous  flower,  which 
was  held  in  the  left  hand.     By  the  side  of  the  figure  of  Suria 
are  three  smaller  figures,  in  the  same  dress  as  the  principal 
figure,  with  the  hands  clasped  in  the  attitude  of  adoration : 
they  are  called  the  gopis  or  shepherdesses;  one  of  thenl 
has  four  arms.    Four  small  figures,  seated  with  the  legs  across, 
are  in  the  upper  part  of  the  composition,  and  a  figure  seated 
with  the  legs  across  is   in  the  head-dress  of  Suria.      The 
head-dress  is  formed  of  several  tiers  of  ornaments,  somewhat 
in  form  of  crescents,  or  like  the  two  horns  of  a  chamois.     At 
the  lower  part  of  the  composition,  on  the  left;,  is  a  small  figure 
bearing  a  club,  the  emblem  of  the  strength  of  the  divinity. 
A  small  figure  on  the  right  of  the  deity,  and  lower  than  the 
feet,  has  Uie  head  of  an  elephant,  as  the  Indian  god  Gunees 
is  usually  represented :  Etymologists  have  remarked  the  re- 
semblance  between  the  name  of  Gunees  and  the  Janus  of  the 
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ancient  Romans.    The  sect  of  Hindus  who  pay  particular  ado- 
ration to  Suria  are  called  Sauras. 

The  third  figure  (PL  XXIV.  fig.  3.)  represents  Subia  seated, 
and  attended  by  the  shepherdesses,  two  of  them  above,  with 
each  a  wreath  held  out  towards  the  head  of  the  deity,  two  be- 
neath, with  their  hands  clasped  in  an  attitude  of  adoration, 
and  sitting  on  a  flower.  On  the  left  of  Suria,  is  a  small  figure 
holding  a  mace  or  club,  representing  the  strength  of  the  god. 
In  the  left  hand  this  small  figure  holds  the  weapon  which 
terminates  in  a  ring.  The  sole  of  the  left  foot  of  Suria  is 
turned  upwards,  and  a  round  body,  like  a  piece  of  money,  is 
placed  on  it  In  some  Indian  figures,  the  round  body  pla- 
ced on  the  palm  of  the  hand,  or  on  the  sole  of  the  foot,  re- 
sembles the  half*expanded  flower  of  the  water-lilly.  The  left 
hand  of  the  figure  of  Suria  holds  a  stalk  terminated  by  a 
hexapetalous  flower ;  the  erect  figure  of  Suria  before  described 
also  holds  a  flower.  The  string  of  beads  passing  over  the 
1^  shoulder  likewise  occurs  in  both  figures.  A  figure  seated 
with  the  legs  across  is  on  the  head-dress  of  Suria.  The  bor- 
der of  the  whole  composition  is  a  canopy  formed  of  two  co- 
lumns, with  capitals,  supporting  a  trifoliated  arch.  The  tal- 
caceous  stone  of  which  this  figure  is  sculptured,  is  of  a  finer 
grain  than  the  talcaceous  stones  of  the  other  three  figures. 

In  the  valuable  collection  of  Indian  and  Chinese  works  of 
art,  at  the  library  of  the  India  House,  there  is  a  sculpture  in 
black  stone,  3  feet  high,  representing  Suria  holdiqg  flowers, 
and  attended  by  9  small  figures,  in  many  respects  resembling 
the  two  figures  of  Suria  here  mentioned.  But,  in  addition, 
the  figure  in  the  India  House  has  a  charioteer  holding  the  reins 
of.  seven  small  horses ;  the  horses  are  at  the  lower  part  of  the 
compositkm  in  front,  and  a  wheel  \s  on  each  side,  so  that  the 
whole  composition  is  an  image  oiHhe  Sun  in  his  chariot,  and  is 
called  Suria  Vahana,  or  Suria  Ratha,  the  chariot  of  the  Sun, 
The  Vahana,  or  vehicle  of  some  of  the  qther  Indian  gods,  is  a 

bird 


Digitized  by 


Google 


IN  THE  MUSEUM  OF  THE  SOCIETY.  387 

bird  or  qaadruped  upon  which  they  ride.  The  charioteer 
of  the  Suria  Ratha,  at  the  India  House,  is  Aijuna  or  the 
dawn.  There  is  a  figure  discharging  an  arrow,  which  de- 
notes the  rays  of  the  sun.  A  figure  on  each  side  with  a 
fly*flap  and  a  fan,  are  the  common  attendants  on  royal- 
ty in  the  East.  Two  male  figures,  one  on  each  side, 
holding  a  baton,  are  giants,  emblems  of  force.  A  small 
starving  figure  on  each  side,  on  the  side  of  the  stone,  repre- 
sents the  efiect  produced  by  the  absence  of  the  sun's  heat. 
The  dress  of  this  figure  of  Suria  at  the  India  House,  differs 
from  that  of  Figs.  2.  and  3.,  which  were  probably  sculptured 
in  a  more  southern  part  of  India.  The  figure  in  the  India 
House  is  represented  with  Tartar  half-boots,  in  form  like  the 
Hungarian.  Tartar  and  Chinese  sculptors  are  frequently 
employed  to  make  the  idols  in  India,  and  they  form  the 
dress,  and  other  accessory  parts  of  the  composition,  after  the 
manner  of  their  country.  The  seven  horses  in  this  composi^ 
tion,  may  allude  to  the  seven  planets,  and  the  days  of  the 
week.  The  Hindus  name  the  seven  days  of  the  week  from 
the  regent  genii  of  the  same  planets,  and  in  the  same  order  as 
we  do.  It  was  from  Egypt  that  the  week,  and  the  names  of 
the  clays  of  the  week,  were  introduced  into  Europe. 

There  is  another  sculpture  of  the  chariot  of  the  sun  at  the 
India  House,  in  Coade's  baked  clay,  copied  firom  a  sculpture 
which  exists  at  Delhi. 

Among  the  Indian  sculptures  at  the  British  Museum,  there 
is  a  figure  of  Suria,  between  three  and  four  feet  in  height, 
with  the  usual  attendant  figures.  This  work  is  of  a  kind  of 
schistus. 

The  last  sculpture  (PI.  XXIV.  fig.  4;)  is  Buda,  repre- 
seated  by  the  figure  of  a  man  seated,  with  the  legs  across, 
^nd  the  soles  of  the  fqet,  and  palm  of  the  left  hvot^,  turn- 
ed upwards.  On  each  of  the  soles,  and  on  the  palm,  is 
placed  a  round  body  lik^  a  coin«     Byda,  in  his  childhood. 
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was  recognised  by  a  round  mark  on  the  palm  of  the  hand, 
which  indicated  his  dirine  nature.  The  hair  of  the  head  b 
curled.  The  figure  of  Buda  is  seated  on  an  expanded 
flower  of  the  nelumbo  or  red-flowered  water-lily,  which 
grows  in  the  waters  of  the  Nile,  of  India,  and  of  China,  call- 
ed by  the  Hindus  the  flower  of  the  waters.  This  flower  is 
held  sacred  in  India,  and  occurs  frequently  as  a  plinth,  on 
which  figures  t'est  in  Indian  sculptures  ;  it  is  seen  in  the  two 
figures  of  Suria  above  described,  (Fig.  2.  and  3.)  Bdiind 
Buda  are  two  quadrangular  columns  supporting  an  architrave, 
and  surmounted  by  a  canopy.  On  the  base  of  the  composition 
is  the  figure  of  a  woman,  with  one  knee  on  the  ground,  and 
the  hands  lifted  up.     On  each  side  of  the  woman  is  a  liOn. 

The  three  great  sects  in  India  are  the  sects  of  Brahma,  Bu- 
da, and  Iain.  In  a  smaiU  bronze  image  from  Ceylon,  a  fi- 
gure in  the  usual  attitude  of  Buda,  is  represented  as  seated  on 
the  coils  of  a  serpent,  whilst  the  serpent  extends  his  hood  over 
the  head  of  the  divine  person^e.  Figures  overshadowed  in  this 
way  are  usually  ascribed  to  the  sect  of  Iain.  In  an  image  of 
dark-coloured  stone,  about  four  feet  high,  at  the  India  House, 
lain-Deo  is  represented  as  a  man,  over  whose  head  a  snake  is 
expanding  his  hood.  The  sect  of  Iain  is  not  so  widely  ex- 
tended as  the  others.  Some  authors  are  of  opinion,  that  the 
religion  of  Buda  is  derived  from  that  of  Brahma ;  and  some 
of  the  Brahmens  consider  Gautama  Buda  to  be  the  ninth  ava- 
tar, or  incarnate  appearance  of  their  deity  Vishnu.  Other 
authors  believe  that  the  religion  of  Buda  is  quite  diM;inct  ftom 
the  religion  of  Bfahma  It  is  supposed  by  some  to  have  had 
its  origin  in  the  north  of  India,  or  Tibet 

Gautama  Buda  is  a  god  who  assumed  the  human  form,  and 
was  bom  of  Maha  Maya,  the  consort  of  Sootah  Dannah  Ra- 
jah of  Cailas.     Cailas  is  a  mountain  in  Tibet  near  the  source 
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of  the  Gaqgefs^  covered  with  perpetua}  snow,  which  the  Hin- 
dus suppose  tp  be  the  favourite  abode  of  Mahadeva, ;  the  chief 
deity  of  the  sect  of  Siva.  Grautftma  Buda  became  a  priest,  and 
having  attained  that  perfection  of  virtue  and  supreme  know- 
ledge by  which  he  was  constitute4  Buda,  he  employed  his 
time  in  converting  men  to  religion  and  a  virtuous  life.  The 
word  Buda  signifies  wise.  He  died  at  the .  age  of  85 ;  and 
his  death,  which  is  the  epoch  from  which  the  Siamese,  and 
the  natives  of  Ceylon,  reckon  their  years,  is  stated  to  have 
happened  544  years  before  the  Christian  era  *.  The  religion  of 
Buda  prevails  amongst  the  inhabitants  of  a  very  considerable 
portion  of  the  world ;  it  is  the  religion  of  Ava,  Siam,  Ceylon, 
and  other  countries  of  the  East,  and  it  is  one  of  the  religions 
that  prevails  in  the  empires  of  China  and  Japan.  In  China, 
Buda  is  called  Fo,  ^asya,  Siaka,  Xaca;  in  Japan,  Bud, 
Siaka,  and  Si  Tsun,  that  is,  the  great  saint :  Gaudma  in  Ava : 
Gautama  Buda  in  Ceylon :  in  Siam,  Samono  Gautama  and  Sa- 
monocodom.  The  religion  of  Buda  was  introduced  into  Chi- 
na and  Japan  in  the  year  65  of  the  Christian  era.  Fo,  which 
is  the  Chinese  pronunciation  of  Buda,  belongs  to  a  system 
which  has  no  connection  with  Fo-hi  in  the  remote  and  fabu^ 
lous  part  of  Chinese  history,  who  invented  the  eight  koa',  tri- 
grams,  or  ancient  mystical  characters,  composed  of  hori- 
zontal and  paralld  straight  lines,  and  taught  the  Chinese 
the  arts  and  sciences,  as  Tot  or  Hermes  did  to  the  Egyptians. 
Clemens  Alexandrinus,  who  flourished  in  the  reign  of  Seve- 
rus  and  Antoninus  Caracalla,  about  the  year  200,  mentions 
the  religion  of  Bqda  as  prevailing  iq  some  parts  of  India  f. 

In 

*  See  Lalou)]iere  royaume  d^  Siam  ;  ond  Pr  Davy's  Account  of  Ceylon. 
f^pftifium.     CLBHf  NS  At9XANDR.  r^^fueam,  lib.  i.  sect  xv.  p.  305. 
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In  the  Museum  of  the  University  of  Edinburgh,  amongst 
s^eral  idols  from  Java,  there  is  one  of  Buda,  very  much  like 
that  represented  at  Fig.  4.,  and  of  the  same  kind  of  talcaceous 
stone,  so  that  they  seem  to  be  productions  of  the  same  school. 
Others  of  these  Java  sculptures  are  of  a  dark-coloured  porous 
lava. 

In  the  British  Museum  there  is  a  stone  image  of  Buda 
seated,  with  an  attendant  figure  on  each  side  ;  on  the  back  of 
the  stone  is  carved  an  ornamented  pointed  arch,  of  the  form 
called  Gothic,  with  internal  projecting  cusps. 

Figures  of  Buda,  in  the  same  attitude  as  that  before  us,  are 
described  and  engraved  in  Syme's  Account  of  the  kingdom 
of  Ava,  in  the  Museum  Borgianum  by  Paulinus,  in  Kaempfer's 
Japan,  and  other  works.  All  these  images  represent  Buda  in 
the  state  of  perfect  quiescence  and  impassibility,  to  the  enjoy- 
ment of  which  he  passed  after  he  quitted  his  abode  upon  earth ; 
this  his  followei's  consider  to  be  the  future  state  of  maturity 
into  which  souls  perfectly  virtuous  are  elevated. 

In  Jav£l  there  is  a  low  hill  of  considerable  extent,  covered 
with  a  remarkable  assemblage  of  large  stone  images  of  Buda, 
placed  in  lines  which  go  round  the  hill,  and  are  parallel  to 
its  base.  A  description  of  this  monument  is  published  in  the 
accounts  of  Java  by  Sir  Stamford  Raffles,  and  by  Crawford. 
Smaller  figures  of  Buda,  cast  in  bronze^  are  also  met  with  in 
Java.  Pallas,  in  the  course  of  his  travels  in  the  north  of  Asia, 
collected  some  bronze  figures  of  Buda,  which  are  now  in  the 
possession  of  Charles  Hatchett,  Esq. 

There  are  inscriptions  in  the  Nagari  letters  and  in  the  San-* 
scrit  language,  on  the  base  of  th^  upright  figure  of  Suria,  and 
within  the  horse-shoe  formed  curv^  which  is  placed  as  a  nim- 
fc(us,  b^ind  the  head  of  the  figure  of  Buda ;  there  is  also  an 
inscription  scratched  on  the  plinth  of  the  seated  figure  of  Su- 
ria, composed  of  letters  less  carefully  executed,  the  work  of  an 
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inexperienced  hand  The  inscription  round  the  head  of 
Bnda  is  not  so  much  obliterated  as  the  others  are.  'Ac- 
cording to  the  translation  which  a  leaitied  orientalist  was  so 
obliging  as  to  give  me,  it  relates  to  the  ^*  Author  of  Creation 
having  contemplated  for  1000  years,  by  reason  of  th6  existence 
of  irreligion/' 

An  ornamental  border  of  a  partiiiular  kind  of  foliage  sur- 
rounds the  upright  figure  of  Suria^  and  a  similar  border  sur- 
rounds the  head  of  Buda.  This  kind  of  foliage  is  also'  seen 
in  the  small  brass  Javanese  images  of  Buda. 

All  the  figures  have  the  lobes  of  the  ears  very  long  and 
hanging  down. 

The  seated  figure  of  Suria  and  the  figure  of  Buda  have  a 
round  mark  on  the  forehead,  between  the  eye-brows,  like  the 
mark  which  the  Hindus  paint  between  the  eye-brows,  to  de- 
note the  cast.  The  erect  figure  of  Suria  has  an  oblong  mark 
on  the  forehead. 

The  stone  of  which  all  the  figures  are  carved,  is  a  talcaceous 
stone,  called  by  mineralogists  Talcaceous  Schistus,  but  of  a  dif- 
ferent grain  in  each  figure.  The  stone  of  which  the  seated 
figure  of  Suria  is  sculptured  is  of  the  finest  grain.  The  others 
are  more  schistose  and  granular.  It  is  uncertain  in  what 
part  of  India  or  of  the  eastern  islands  these  figures  were  made. 
Talcaceous  schistus,  similar  to  that  of  which  they  are  formed, 
occurs  in  different  parts  of  the  world ;  it  is  quarried  at  St  Ci^ 
therine's  near  Inverary,  and  in  other  parts  of  the  Highlands  of 
Scotland  and  Ireland.  It  is  a  magnesian  stone,  and  is  easily 
cut  by  the  chissel  and  file,  so  as  to  exhibit  any  figure  that 
the  ability  or  genius  of  the  sculptor  can  command.  Crosses, 
and  arabesque  ornaments  on  tombs,  at  Icolmkill  and  Loch 
Awe,  are  carved  out  of  talcaceous  schistus ;  it  is  one  of  those 
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kinds  of  stone  that  can  be  wrou^t  into  form  on  the  turning 
lathe,  as  the  Chinese  do  their  image-stone,  of  which  they 
sometimes  make  cups.  In  the  Valtetiine,  a  vwiky  on  the 
southern  declivity  of  tl»  Alps,  kettles  for  boiling  food,  are 
£ormed  of  lakaceous  schistus  on  the  turning  lathe,  and  sent  to 
Milan,  where  they  are  sold  on  the  streets.  These  turned  stone- 
kettles  of  the  Valtelline  were  used  also  in  ancient  times,  as 
we  leam  from  Flint,  who  makes  menticm  of  them. 
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XXVTJI.'—OiservaitaM  an  the  Formatum  of  the  Chalk  Strata; 
and  M  the  StruOwte  i^Ae  Bdemmte.  By  Thomas  Al- 
LAK^  Esq.  F.  B.  S.  Edin.  &a 


(Read  2d  April  ISZl.  J 


\Jf  the  various  tooka  of  which  the  Earth's  suxfaoe  is  oqib^ 
posed,  there  are  some  which  present  very  satisfiK^tory  indicsH 
tions  of  their  origm;  whfle  others,  when  considered  in  t&afcre- 
spect,  seem  to  he  placed  ahnost  beyond  the  readh  of  hyfN)the« 
sis.  The  Granite  and  Trap  rocks,  by  attending  their  ramifies* 
tions  among  their  contiguous  neighbours,  distinctly  aTOw,  not . 
only  a  subsequentformation,  but,.in  many  instances,  they  pitsent 
the  most  unequivocal  marks  of  an  igpeous  origin.  The  Lkne^ 
gUmes  and  Sandstones,  howerer,  are  equally  constant  in  their 
indications  of  aquatic  deposition^  although,  at  the  same  time, 
the  assistance  of  another  agency  may  sometimea  be  inferred, 
when  their  consolidbtton  md  positkm  are  taken  inta  the  ques- 
tion. Of  all  the  rodcs  with  whkdb  I  am  acquainted,  there  ia 
laone  whose  fbrmatbui  seems,  to  t83c  the  ingenuity  of  t^eorislis 
sa  severely,  as  the  White  limestone  oc  Chalk,  in  whatesnsr  ren 
spect  we  mfty  think  fit  tp  consider  it. 

3n  2  This 
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This  rock,  while  compared  with  others,  is  of  rare  occurrence  j 
for  alUiough  it  be  found  in  various  parts  of  Europe,  it  does  not, 
so  far  as  we  know,  exist  in  any  of  the  other  quarters  of  the 
Globe.  In  the  south-east  of  England  it  may  be  said  to  abound ; 
and  in  the  north-east  angle  of  Ireland,  the  white  limestone  pre- 
vails to  a  great  extent.  Its  connection  with  other  rocks  has  of 
late  years  occupied  the  attention  of  Geologists,  and  it  has  been 
found  to  be  a  member  of  a  consldend)le  series,  as  uniform  in 
position  with  respect  to  its  members,  as  any  of  those  which 
compose  the  great  system  of  Werner  ;  and  although  it  be 
among  the  earliest  of  this  series,  yet  in  England  it  very  ge- 
nerally occurs  uncovered,  while  in  Ireland  it  is  almost  always 
overlaid  by  the  trap  rocks.  In  both,  it  uniformly  rests  on  the 
Green  Sand  or  Mulatto-stone. 

The  extent  and  position  of  the  white  limestone  in  Ireland 
is  somewhat  remarkable.  From  Belfast  it  reaches  all  round  the 
coast,  extending  to  Rathlin,  and,  with  sonie  trivial  intermissions, 
to  Colerain  $  and  in  a  line  to  the  westward  of  this^  it  runs,  south 
through  the  middle  of  the  county  of  LondoHderry,  tp  itayerge  in 
the  low  lands  whidi  border  Lough  Neagh.  On  the  we^t  and  south 
of  that  lake  it  disappears ;  but  it  ocoirs  again  to  the  soutH-e^t, 
at  Moira,  in  the  county  of  Down,  which  connects  itself  with  thie 
range  in  the  neighbouiiiood  of  Belfast.  In  all  this  extent,  the 
limestone  generally  appears  to  dip  inwards,  so  that  within  the 
area  of  the  space  I  have  described,  I  understand  it  lis  nowhere, 
to  be  seen,  although,  from  the  position  all  round,  there  can  be 
little  doubt  that  it  exists. 

In  England,  it  has  also  been  observed,  that  there  are  two 
distinct  varieties  of  cbdk,  one  of  which  is  much  harder  than 
the  other;  occurs  in  a  lower  position,  and  contains  no  flints,  or 
at  least  Very  rarely.  The  stratification  of  this  variety  is  marked 
by  seams  of  a  greyish-coloured  chalk,  containing  probably  an 
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njmixture  of'elay  along  with  shells^  The'  upper  chalk  is  disk 
tiiigui'shed  by  its  inferior  hardness,  and  the  abundance  of  flint 
with  which  it  is  accompanied. 

In  Ireland,  exceptii^  when  traversed  by  dikes,  I  have  never 
observed  but  one  kind';  it  is  harder  than  any  of  the  English 
chalks ;  it  contains  quantities  of  flints,  and,  as  we  shall  shortly 
see,  a  tolerable  abundance  of  organic  remains.  It  is  used  fc» 
all  the  difierent  purposes  of  limestone,  including  building. 

The  alteration  produced  by  the  occurrence  of  a  whin^dike 
hab  beeii  observed  by  every  geologist  who  has  visited  this  pwt 
of  the  country.  In  place  c^  the  dull  earthy  fracture  of  the 
chalk,  it  presents  a  crystalline  disint^rated  mass,  very  friable 
and  phosphorescent,  of  a  pale  gre^i  colour,  and  mAibtaii^* 
ing  these  diaracters  only  in  the  immediate  vicinity  of  the 
dike. 

Geologists  seem  to  have  been  very  shy  in  treating  of  the 
formation  of  chalk ;  they  have  in  general  been  contented  with 
quoting  the  opinions  of  some  predecessor,  very  little  that 
can  be  considered  original,  being  to  be  found  in  any  of  the 
geological  works  I  have  examined.  Some  ingenui^  has,'how- 
ever,  been  displayed  in  ringing  the  changes  on  the  same  ideas ; 
but  in  the  progress  of  this  investigation,'  we  find  very  little 
added  to  the  first  projected  opinions.  Professor  Jameson  sa- 
tisfies himself  with  placing  the  Chalk  at  the  end  of  his  great 
Limestone  series,  {System^  p.  91.  1818)«  and  considers  that  it 
agrees  admirably  with  the  preconceived  ideas  of  the  diminution 
of  the  waters,  with  which  Werner  inundated  the  surface  of  the 
Earth  ;  and  he  adds,  that  its  occurrence  on  the  sea^coatt^  and 
its  earthy  aspect,  point  out  the  lateness  of  its  formation,  (176). 
Why  the  proximity  of  the  sea-coast  should  affiml  any  evi« 
dence  of  the  period  of  its  formation  I  cannot  conjecture,  as' we 
know  of  no  rock  that  is  not  washed  by  the  waves  of  the  ocean* 

Mr 


Digitized  by 


Google 


30§  OK  iWSfQMUTIOir  W  T9P  <39AIJC  fV^ATA, 

Mr  Jamesoh  avoidi  giving  anj  oqpiniea  of  his  own  on  tiM 
fiMrmakionof  Fiint,iniu>yofhiawQfk8fin  iH«i«aIeg7«idGe0< 
logy.  He  contents  himself  with  stMin^^  **  That  Ike  bedftof  ffint, 

and  also  the  tuberose  aiid  olfafir  shaped  WMaseft  firand  is  chalk, 
appear  to  ham  been  ifonned  at  £he-  sam^  tone  with  the  dndk**- 
But  he  adds,  **  Wxkkee  is  of  opknon  ikat  die  tnbeaosc,  aadl 
many  other  forms,  have  been  ifornwd  hy  infiitiatioa,  aMk 
conjectures,  Ihat  dwrii^  the  depositions  ai  cimlk,  air  was  eT<^ 
ved,  whidi,in«ndea«x»itmii^  to  escapcv  £mn«d  iinnegcdai»«a«i- 
iiw,  whidi  were  afterwards  fiUied  up  by  infiltration  widi  ffint;** 
Syttemy  roSL  i.  p.  ^5.  ISfiQ-  Tlus  opinJon  was  also  embiaaed  fa^ 
EiRWAW,  whidi  is  a  little  remarhaUej  for  ahhongh  it  Jbe  secf 
probaUe  that  We»ne»  never  had  an  oppoctaaifcy  of  stndyiag 
the  chalk  strata,  K»wam  mast  have  seen  them  Aeqnei^y,  and 
the  most  simile  in£f>ecti(m  of  the  singular  r^ularilj  with  which 
the  flints  aie  disposed  in  paraU^  lioes'to  each  othei^  ought  at 
tmot  to  have  obliterated  any  puch  cqpiBloo;  for  supposii^ii. 
possible,  had  air  been  evolved,  to  the  exjtent  of  one  sii^  line 
of  these  flinty,  a  vacuity,  equal  to  the  whde  plane  of  the  rack, 
or  netirly  so,  must  have  been  formed,  «id  t^e  snpevincumboit 
strata  as  it  were  aui^pendedi-^  pesitian.  n^  likidj  to  raeel 
wkh  support  ev^t  finom  WxmoBa  himself,  paitioilarly  when  il 
must  be  conceded,  that  the  vacuity  so  fcomed  must  be  miiki^ 
plied  by  the  number  of  lines  of  flint  that  oceur  in  the  bed  of 
chalk. 

Besides,  it  is  difficuk  to  suppose  that  this  disdiarge  ef 
atr,  from  a  stratum  calculated  to  extend  to.  the  thickness  of  600 
feet,  should  have  been  confined  te  certdm  stmi^  h'nea.  Air,  t^^ 
have  been  evolved,  must  first  have  been  gencnrated,  «id,  like  the 
nuclei  in  amygdaloid,  must  haive  pervaded  the  mass:  in«gul«rfy 
and  indiscrimttuitely,  throughout  its  wh(^  extent  Jt  i»iMi6  be 
observed  too,  that  it  was  n^  tiU  aflier  ih^m  W9#  evoly^  th<4 
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the  infiltmtioQ  took  place,  so  that  it  is  not  only  a  vacoity,  but 
a  vacuum,  that  is  required  for  the  operation. 

Another  hypothesis,  equally  destitute  of  philosophic  induc- 
tion, has  been  proposed  to  account  for  the  formation  of  flints ; 
and  because  they  present  an  outer  crust,  although  perfectly  si- 
liceous, as  white  and  as  opake  as  the  chalk  they  were  lod^d  in, 
some  speculators  have  not  hesitated  to  utge  the  probability  of  <t 
transmutation;  and  Bjlkeweix,  (ItUrod.  p.  17 U  1818.)  gravely 
tells  us,  ^^  that  as  it  is  a  common  belief  among  w(»rking  minen^. 
that  lime  and  flint  are  chan^d  into  each  otl^r,  we  should  not 
hastily  reject  the  opinions  oS  practical  men;  but  exiunim?  vAa^ 
ther  their  opinions  be  o(^>osed  to  facts  only,  or  to  tbeoriea.'^ 
As.  well  might  we  li9ten  to  the  fancies  of  the  practwal  mm  at 
tlw  '^tiamond-mines  of  Mallevully ,  who  msist  that  the  predoua 
gem  is  actually  generated  among  the  turaed-over  rubbidi ;  an 
idea  which,  had  it  been  entitled  to  more  attention  tlum  tibe 
tmnmutation  of  the  precious  metal,  must  have  been  traced^ 
and  determined  long  ere  now. 

On  the  sulgect  of  transnmtatimi,  however,  Pabkiksok,  voL  iw 
p.  8S3,  observes,  ^  In  the  present  advanced  state  of  efaemistry, 
it  is  mmeeesaary  to  dwell  on  the  c^inion  which  has  been  br^ 
tertained  by  M.  Patbin,  M.  de  Carosi  and  others,  that  chadk 
undergoes  a  conversion  into  flint,  except  for  the  sake  of  le* 
marking,  that  all  those  apparent  transmutaticms  ^drich  have 
given  rise  to  this  c^^on,  are  ^lasily  explained,  by  supposing  a 
partial  introduction  of  a  siliceous  fluid  in  various  quantities, 
into  porous  ealdareous  earth/'  And  afl;er  a  good  ded  of  argu^ 
m^iiyt  on  the  subject  of  this  formation,  he  arrives  at  the  follow^ 
lag  svpposition,  voL  i.  p.  828.  ^'  Whether  it  be  believed  that 
dwse  several  bodies  owe  their  existence  to  fire  or  water,  it  wiil, 
I  conottve,  be  equally  admitted,  that  they  have  bem  formed 
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in  cavities  previously  existing  in  the  matrix  in  which  they  are 
contained.  I  suppose,  then,  that  one  of  these  cavities  becomes 
filled  by  some  small  aperture,  with  a  liquid  holding  silex  in 
solution ;  that  siliceous  crystals  form  all  round  the  cavity,  ex- 
cept at  the.  aperture,  where  there  is  nothing  to  attach  them- 
selves to ;  and  that  an  aperture  in  some  other  part,  allows  a 
regular  escape  of  the  fluid,  by  which  a  correspondent  supply  is 
demanded  from  the  first  mentioned  aperture,  until,  after  per- 
haps the  lapse  of  ages,  the  crystals  fill  up  from  the  bottom 
iand  sides  to  the  aperture  by  which  the  fluid  was  admitted,  and 
^rm  a  solid  crystallised  mass  from  which  the  water  is  exclu- 
ded. Nor  does  it  even  appear  necessary  for  the  formation  of  a 
solid  crystalline  mass,  that  there  should  be  more  than  one 
opening,  that  which  admits  the  fluid  into  the  cavity ;  since  the 
calibre  of  the  opening,  bearing  a  proper  proportion  to  the  ca* 
vity  to  be  filled,  it  will  remain  open  until  the  mass  of  crystal- 
lization is  completed ;  it  being  reasonable  to  suppose,  that  the 
fluid  containing  the  silex  would,  in  consequence  of  its  superior 
gravity,  be  continually  supplying  the  place  of  that  which,  iia- 
ving  been  deprived  of  its  silex  by  crystallization,  would  of 
4!0urse  tend  upwards ;  and  thus  might  the  cavity  become  entire- 
ly filled  by  crystalliz^ion,  to  the  totid  exclusion  of  the  boL- 
vjenL'* 

The  surprise  that  I  have  expressed  at  the  conclusions  of 
Werner  and  Kirwan,  is  perhaps  more  applicable  to  this  celer 
brated  fossilist ;  for  his  works  bespeak  the  labour  of  a  lifetime 
on  the  very  soil  we  are  now  engaged  in.  He  does  not,  indeed^ 
suppose  a  vacuum  to  have  existed  in  any  part  <^  the  strata,  but 
he  supposes  an  infiltration  percolating  through  hundreds  of 
these  ranges  of  flints,  which,  to  do  its  work,  must  have  first  pro- 
jceeded  to  the  lowest,  and  gone  on  gradually  towards  the  tap  j 
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tmti  in  place  q£  this,  the  highest  range  is  the  first  that  would 
arrest  the  loaded  siliceous  solution,  and  that  formed,  the  flints 
being  often  so  closely  deposited,  as  even  to  become  continuous, 
the  connection  must  have  been  interrupted,  and  many  of  the 
lower  cavities  left  vacant,— 4t  circumstance  .unknown  in  the  his- 
tory of  chalk-rocks.  It  may  be  remarked,  however,  that  Mr 
Parkinson's  observations  are  meant  to  apply  to  the  formation 
of  pdbbles  as  well  as  flints ;  but  the  formation  of  agate  and 
calcedony  lead  to  a  totsily  different  inquiry. 

The  essay  read  by  Dr  Hutton  on  the  7th  of  March,  and 
4th  of  April  1785,  on  the  Theory  of  the  Earthy  published  in 
the  Transactions  of  this  Society,  is  well  known  to  embrace,  in 
all  its  plenitude,  the  igneous  theory  of  that  philosopher;  and 
in  it  we  find  the  opinion  which  he  entertained  respecting  the 
formation  of  flint  to  be  as  follows.  ^^  The  actual  form  in  which 
those  flinty  masses  are  found,  demonstrates,  Ist,  That  they 
have  beai  introduced  among  those  strata  in  a  fluid  state,^  by 
injection  firom  some  other  place.  2d,  That  they  have  been 
diq>ersed  in  a  variety  of  ways  among  these  strata,  then  deeply 
immersed  at  the  bottom  of  the  sea.  And,  lastly.  That  they  have 
been  there  congealed  fcom  the  state  of  fusion,  and  have  re- 
mained in  that  situation,  while  those  strata  have  been  removed 
from  the  bottom  of  the  ocean  to  the  surface  of  the  present 
land.*'     TVans.  vol.  i.  p.  232. 

The  el^ant  comm^itator  of  Dr  HuTTOK  only  seeks  iq  the  for- 
mation of  flint  for  an  illustration  of  the  igneous  origin  of  that 
substance.  He  observes,  §  20.  ^  The  round  nodules  of  flint  that 
are  found  in  chalk  quite  insulated,  and  separate  fix>m  one  ano«- 
ther,  afibrd  an  argument  of  the  same  kind  (alluding  to  fluidity 
produced  by  fusion),  since  the  flinty  matter,  if  it  had  been  car- 
ried into  the  chalk  by  any  solvent,  must  have  been  deposited  o 
with  a  certain  degree  of  uniformity,  and  would  not  now  appear 
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coUectctd  into  separate  masses,  without  any  trace  o£  its  exists 
ence  in  the  intermediate  parts ;  on  the  other  hand,  if  we  con* 
ceive  the  melted  flint  to  have  been  forcibly  injected  among  the 
chalk,  apd  to  have  penetrated  it,  somewhat  as  mercury  may  by 
pressure  be  made  to  penetrate  throu^  the  pores  of  wood,  it 
might,  on  cooling,  exhibit  the  same  appearances  that  the  chalk 
beds  of  England  do  actually  present  us  with/' 

In  the  splendid  work  of  Sir  H.  Enqlitield,  On  the  Isle  of 
Wight^  we  find  the  following  observations :  ^^  With  respect  to 
the  formation  of  flint  itself,  it  cannot  be  doubted  that  this  se* 
paration  of  the  siliceous  matter  from  the  calcareous  took  place 
afl^er  the  formation  of  the  strata,  and  that  the  flints  were  not, 
as  it  would  appear  at  a  first  glance,  deposited  in  alternate 
strata  with  the  chalk.  The  'extraneous  fossils  found  in  the 
chalk  often  aflbrd  singular  proofs  of  this.  Many  echini  are 
seen  filled  with  flint,  whidi  has,  afl^r  completely  filling  up  the 
cavity  of  the  sheU,  formed  a  large  bulb  at  the  orifice  of  it,  as  a 
viscid  fluid  would  do ;"  and  after  some  fiirther  remarks,  he 
proceeds  to  ask,  ^^  What  agent  has  in  this  manner,  at  two  dif* 
ferent  times,  separated  the  siliceous  firom  the  calcareous  mat^ 
ter  ?  and,  Ifow  could  the  flint,  when  separated,  form  itself  into 
masses  in  th^  solid  chalk  ? — for  it  cannot  be  supposed  that  the 
flint  only  ran  into  cavities  before  empty,  as  in  that  caae  some 
of  these  cavities  ought  to  be  found  either  totally  or  partially 
void  ;  but  no  such  have  ever  been  discovered  in  ch^lk,"'  p.  20. 

The  two  different  periods  of  separation  of  which  Sir  Hxvrt 
talks,  allude  to  the  supposed  subsequent  filling  of  certain  fis- 
sures, which  traverse  the  chalk  in  a  contrary  direction  to  the 
lines  of  the  strata,  which  he  describes  as  being  ^^  seldom  above 
two  inches  wide,  and  seem  to  have  been  formed  froija  each  side 
towards  the  centre,  which  oft;en  contains  some  loose  calcic 
reous  powder,  inclosed  between  the  two  eilicepjis  plates,"  p.  80» 
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These  v^QS  may  {>erhaps  be  considered  As  veins  b£  secretion^ 
farmed  in  the  fosures  Which  may  have  occurred  in  the  strata, 
during  the  dependence  of  the  operations  which  produced  the 
tuberose  arrangement  of  the  flints. 

We  are  indebted  to  the  ingenuity  of  Professor  Buckland  of 
Oxford  fbr  another  idea  respecting  flint     It  was  observed, 
that  a-variety  of  the  nodules  which  occurred  in  particular  gra-. 
vdi  pits^  presented  something  of  ah  uniform  shape,  which, 
when  broken;  were  found  to  contain  zoophytic  remains,  such 
as  alcyonia,  corals,  and  sponges  of  diflerent  kinds,  sometimes 
so  perfect,  as  to  be  extricable  from  the  outer  case,  when  for- 
tunately and  carefully  broken ;  at  other  times,  when  the  exter- 
nal contour  of  the  nodule  bespoke  a  similar  internal  appear- 
ance, the  mass  would  be  found  perfectly  solid  throughout,  and 
the  shape  only  of  the  organic  body  traced  on  the  internal  frac-^ 
ture,  in  colours  of  a  shade  difi^ng  from  the  general  mass  of 
the  flint,  or  slightly  tinged  of  a  delicate  purple,  when  the  tex- 
ture passed  into  that  of  calcedony;  and  so  uniformly  were 
these  appearances  connected,  that  where  the  slightest  symp- 
tom of  any  of  them  occurred,  it  was  held  as  indicative  of  one 
and  the  same  origin.     The  origin  of  flint  itself  was  by  this 
analogy  {U;tributed  to  organization,  though  perhaps  on  grounds 
not  altogether  thoroughly  investigated. 
'  We  find  little  in  the  French  works  tending  to  illustrate  this' 
subject    Bkochakt,  following  Werkeb,  considers  flint  tb  owe . 
its  origin  to  infikration.     Brogniart  states^  that  some  have 
supposed  flint  to  be  formed  by  infiltration,  introduced  into  ca- 
vities formerly  occupied  by  moUusca  and  zoophytes,— an  hypo*' 
thesis  whidi,  he  says,  though  admitted  by  a  number  of  geolo- 
gists, is  exposed  to  considerable  difficulties }  and  he  adds,  th^t 
the  observation  of  M«  GiIlet  Laubtont  tends  to  support  this 
SQppositicm ;  he  having  remarked  that  a  tail  of  sil^  often  pro- 
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ceeds  from  the  mouth  of  the  fossil  echinite  found  in  chalk,  as 
if  the  animal  matter  which  had  flowed  fSrom  that  orifice  had 
been  petrified  and  changed  into  silex.  He  hazards  no  opinion 
of  bis  own.     Traite^  vol.  i.  p*  816.  1807. 

The  recent  work  of  Daubuisson,  which  is  one  of  the  most 
elaborate  and  extensive  that  has  been  published  Ibr  some 
years,  goes  a  little  deeper  into  this  subject  Talking  of  the  ^he- 
rical  masses  of  flint,  §  119.  found  in  the  limestone  of  B&varia, 
he  observes,  **  that  they  very  probably  owe  their  origin  to  a  re^ 
union  of  siliceous  particles,  which  were  disseminated  in  the 
calcareous  mass  still  soft  or  fluid ;  yielding  to  their  attractive 
force,  they  had  grouped  themsdives,  and,  as  it  w^e,  formed 
themselves  into  balls,  round  a  centre.  If  this  arrangem^it 
had  not  been  accomplished  in  so  perfect  a  manner,  or  that  fiie 
attractions  had  operated  in  several,  or  around  different  neigh«- 
bouring  centres,  tuberose  masses  would  have  been  the  re- 
sult, and  not  balls ;  such  is  prdbably  the  origin  of  the  flints 
which  occur  in  such  abundance  in  the  chaUc  and  other  calca- 
reous beds.** 

Having  thus  described  the  mode  of  formation  of  flint,  he 
adds,  §  301.  ^^  that  the  particles  of  carbonate  of  lime,  which  have 
formed  the  secondary  limestone,  appear  to  have  been  frequent- 
ly mixed,  in  the  fluid  from  \diich  they  were  precipitated,  with 
particles  of  silex,  which  were  deposited  at  the  same  time.  If 
these  had  been  in  small  quantity,  and  had  rested  disseminated 
in  the  mass,  limestone,  impregnated  with  silex,  would  have 
been  the  result,  and  if  they  had  united^  a  few  detached  flints 
would  have  been  produced ;  but  if  tbey  had  been  abundant, 
either  the  Silici'Cake  of  Saussu^e  would  liave  been  formed, 
or  ^  great  number  of  tuberose  flints.  I  have  scnnetimes  seeb 
thein:90  abundant,  that  they  touched,  and  the  limestone  oi^ 
filled  the  intietsticesi^   .At  some  moment,  and  in  sf»ae  points^ 
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ttiepreeipttalion  might  have  been  entirely  siliceous,  and  then 
beds,  or  parts  of  beds,  entirely  of  flint,  would  have  been  form- 
ed. The  particles  of  silex^  in  gathering  themselves  into  balls, 
have  occasionally  drawn  along  with  them  some  carbonate  of 
time^  H^Ace  those  masses  are  composed  of  two  substances, 
pure  silex  in  the  centre,  and  Silici^alce  on  the  surface." 

"  These  flints,  after  their  formation,  having  remained  some 
time  in  a  state  of  soilness,  which  permitted  them  to  yield  to  the 
compression  occasioned  by  the  weight  of  the  superior  masses, 
seems  to  be  indicated  by  their  frequent  flattened  form,  or  per- 
haps that  form  indicates,  that  the  force  which  has  united  the 
particles,  assisted  probably  by  this  weight,  has  exerted  its  action 
more  in  a  vertical  than  a  horizontal  direction  ;  the  siliceous 
particles  disseraiDated  in  a  bed,  in  a  state  of  semi-fluidity,  will 
have  descended  to  the  lower  part  of  the  bed,  and  there  have 
united*'* 

I  confess  it  is  difiicult  to  foDow  the  meaning  of  AL  Dau- 
BuissoN  throughout  this  theoretical  disquisition.  I  have  en- 
deavoured to  render  the  quotations  as  intelligibly  as  possible, 
but  still  there  is  much  obscurity  in  what  he  says,  particularly 
respecting  the  descent  of  the  siliceous  particles,  because 
exposed  to  pressure-  Unless  he  could  have  shown  that  that 
pressure  had  acted  more  directly  on  the  silex  than  on  the 
carbonate  of  Ume  which  contained  it,  it  is  not  easy  to  con- 
ceive how  it  should  have  changed  its  position  either  up  or 
down. 

Although  I  have  extended  these  extracts  much  beyond 
what  may  appear  to  have  been  necessary  ;  yet  the  materials,  on 
the  whole,  will  be  found  meagre  and  unsatisfactory,  and  very 
inadequate  to  afibrd  any  conclusive  deductions  on  the  forma- 
tion of  either  Chalk  or  Flint  Some  of  them  must  be  altogether 
rejected  4, but  from  others  a  few  scattered  hints  may  be  elicit- 
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ed.  We  must  tfaarefoie  revert  to  «i  feifWii^^ 
themselves,  to  the  circumstances  in  which  they  are  iomd  to 
escist,  and  to  the  fossil  remains  which  are  peculiar  to  the  strata 
of  chalk ;  and  endeavour  to  ascertain  how  these  drcHmttancefl 
can  be  broug^  to  combine  with  the  formation  of  the  beds 
themselves. 

In  England,  particularly  in  ^e  Isle  of  W^t,  and  on  the 
coast  of  Dorset,  where  the  featureci  of  that  rock  have  been  so 
faithfully  delineated  by  the  inimitable  pencil  of  Mx  Webster, 
several  sudden  and  very  remarkable  devaticms  of  the  strata 
have  been  described.  The  limestone,  after  extending  for  a  con- 
siderable distance,  in  a  position  varying  little  from  perfect  ho* 
rizontality,  is  all  at  once  thrown  up,  and  stands  up<m  edge, 
no  alteration  having  taken  place  in  the  arrangement  of  its 
flints,  which  are  now  piled  on  the  top  of  each  other,  and  ex-^ 
posed  to  an  influence,  with  respect  to  the  superincumbent 
weight,  the  very  reverse  of  that  mentioned  by  Daubuisson. 
In  the  Isle  of  Wight  at  Freshwater  and  Culver  difis,  and 
Scratchell  Bay,  and  on  the  Dorsrt  coast  at  Worthbarrow  Bay, 
Hand&st  Point,  and  Batts  Comer,  magnificent  examples  of  this 
are  afforded  In  all,  strings  of  flints  are  seen  disposed  through- 
out, in  lines  parallel  to  the  strata,  in  every  altered  position. 
Where  we  find  similar  bendings  in  strata,  that  are  usually  ho- 
rizontal, the  proximity  of  a  whin-dike,  an  invasion  of  granite, 
or  some  of  the  other  crystalline  rocks,  afibrd  the  Huttonian 
some  grounds  of  conjecture  as  to  the  cause ;  but  the  eccentri- 
cities of  the  English  chalk  are  dependent  on  some  other  cause, 
-^-a  cause  which,  from  its  effects,  denotes  itself  to  have  been  of 
the  most  powerful  description,  and  one  to  which  Huttok 
alone  has  alluded,  in  his  hypothesis  of  the  elevation  of  the 
strata  from  the  bottom  of  the  sea.  This  force  could  not  be 
supposed  always  to  have  acted  with  perfect  uniformity*   Hence 
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those  cQtitortk>na  and  elevations  so  remarkable  at  the  spots  I 
have  enumerated ;  and  the  probable  demolition  of  a  large  pro- 
portion of  these  strata,  the  remains  of  whk^  are  spread  over 
so  gfeat  an  extent  c^  England,  in  deposition  o£  loose  alluvial 
gravd. 

The  nature  of  the  fluid  from  which  thte  chalk  strata  have  been 
deposited,  I  conceive  it  an  idle  pursuit  to  inquire  into )  but 
that  they  were  deposited  from  a  fluid  is  admitted  on  all  hands,, 
and  that  they  were  d^iosited^  not  where  they  now  are,  but 
when  deep  under  the  snr&ce  of  the  ocean,  is  proved  beyond  a 
doubt,  by  the  marine  remains,  and  only  marine  remains,  which 
are  peculiar  to  theise  strata.  No  metallic  substance  has  ever 
been  found  in  chalk,  except  some  iron-pyrites,  and  that  to  a 
very  limited  extent ;  but  the  organic  bodies  have  been  nume-^ 
rous,  and  some  of  them  in  the  most  beautiful  state  of  preser^ 
vation.  Difficult  and  accidental  as  it  must  be  to  extricate  such 
otgects,  I  have  sometimes  seen  a  fossil  resembling  the  Echinus 
circifu^m  of  Gualtieri  (whose  spines  are  two  or  three  inches 
in  length)  very  entire,  which  denotes  that  it  must  have  be^i 
deposited  at  a  moment  when  the  most  perfect  quiescence  pre- 
vailed. These  appear  to  me  to  be  legitimate  and  sound  data, 
on  which  to  ground  opinions  respecting  the  nature  of  the  chalk 
strata,  and  a  more  close  examination  of  the  fossil  remains  will 
perhaps  lead  to  some  probable  conjectures  respecting  the  for- 
mation of  the  flints. 

I  conceive  it  quite  unnecessary  to  enter  upon  any  refutation 
of  Webker's  idea,  of  cavities  being  lefl  by  the  expulsion  of  aif, 
not  only  from  the  impossibility  of  the  limestone  remaining 
suspended,  as  before  remarked,  bi^  that  these  very  flints  some- 
times contain  oi^nic  remains  entirely  enveloped,  which  could 
nc^  have  been  introduced  by  infiltration,  and  must  have  been 
in  the  ixpea  sea,  when  the  two  substances,  the  siliceous  matter 
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of  the  flint  and  the  fossil,  came  in  contact  with  each  other.  It 
is  equally  difficult  to  embrace  the  idea  of  Huttok,  that  flint 
was  introduced  among  these  strata  from  some  <Mher  place,  as 
no  forcible  introduction  of  flint,  in  the  state  of  fluidity,  which 
he  supposes,  would  produce  the  long  and  extensive  lines  of 
spheriesl  and  tuberose  masses,  drawn  paraUel  to  each  other 
with  a  precision  almost  mathematical,  which  the  chalk  strata 
everywhere  exhibit ;  and  the  force  by  which  that  introduction 
is  supposed  to  have  been  accompanied,  was  calculated  only  to 
imnihilate  the  very  delicate  textwe  observable  among  the  fos- 
sils which  are  included  in  it  Operations  much  more  quiescent 
in  their  progress  were  necessary  to  the  original  arrangement 
of  these  objects, — the  parallelism  of  the  flints,  the  ddicacy  of  the 
fossils,  equally  demaikl  this.  When  these  were  got  together,  se- 
cured, and  hermetically  sealed,  in  their  position,  they  could  no 
longer  be  deranged,  they  could  no  longer  be  injured  by  for- 
cible agitation,  or  concussions  of  any  kind;  and  it  is  necessaiy 
to  presuppose  some  security  of  this  sort,  before  we  can  specu- 
late on  ihe  elevation  of  a  single  bed  of  chalk. 

I  was  led  to  these  conclusions  by  an  examination  of  some 
fossils  I  lately  obtained  from  the  north  of  Ireland,  which,  when 
combined  with  the  consideration  of  the  highly  inclined  chalk 
strata  on  the  coast  of  England,  I  conceived  were  capable  of 
throwing  some  light  on  the  formation,  not  only  of  the  chalk, 
but  also  of  the  flints,  which  have  hitherto  presented  so  much 
difficulty  to  the  theorist 

The  fossils  which  principally  occur  in  the  Antrim  Ihne* 
stone,  are  the  Belemnite  and  Echinite.  Of  the  latter  there  ue 
difierent  species,  and  they  vary  in  bulk,  from  the  size  of  a 
wren's  egg  to  that  of  a  turkey's..  When  ^ivelopedin  chalk, 
the  echinus  is  entirely  calcareous,  having  the  shell  oonv^rted  . 
into  cristallised  carbonate,  while  the  interior  is  filled  with  the 
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usual  wkite  limestoBe  When  inckwed  in  flt&t,  the  shell  ttiil 
remains  in  the  same  state,  and,  as  Laumont  has  observed,  the 
interior  and  exterior  flint  are  cmmected  at  the  vent  of  the  ahi- 
mal,  and  when  the  cvbonate  is  removed  by  means  of  acid,  the 
flint  appears  to  have  penetrated  all  the  minute  pores,  and 
presents  sharp  and  prickly,  ridges  along  the  different  lobes  or 
portions  of  which  the  shell  of  the  echinite  is  formed. 

The  Bdemnite  is  a  very  common  fossil,  yet,  for  the  sake  of 
perspicuity,  it  is  necessary  to  describe  it  in  a  particular  man* 
ner. 

It  occurs  in  great  abundance  in  the  south  of  England ;  and 
althou^  Faekinson  and  others  describe  several  varieties,  the 
belemnites  of  Antrim  appear  to  me  to  be  only  (^  one  kind, 
pretty  much  of  a  size,  measuring  in  general  about  three  or 
four  inches  in  length,  and  from  half  an  inch  to  three-fourths 
in  thickness.  The  form  is  that  of  a  cylinder,  terminated  at 
one  end  with  a  conical  point,  furnished  with  a  slender  process^ 
of  about  a  quarter  of  an  inch  in  length  ;  but  it  is  only  when 
the  belemnite  has  been  inclosed  in  flint  that  this  delicate 
member  has  been  preserved.  At  the  other  extremity^  the  fbs* 
sil  is  always  more  or  less  broken,  and  provided  with  a  cavity 
or  alveolus,  which  is  filled  up  with  the  material  in  which  it  has 
been  imbedded.  This  cavity  is  conical,  terminating  with  a 
sharp  point,  and  occupies  a  situation  a  little  to  one  side  of  the 
centre  of  the  cylinder. 

In  composition,  the  belemnite,  whether  inclosed  in  lime^ 
stone,  flint,  clay  or  sandstone,  is  uniformly  formed  of  cristal- 
lisod  carbonate  of  lime,  striated  and  radiating  to  the  circum- 
ference, from  a  line  which  passes  from  the  apex  of  the  alveo- 
lus to  that  of  tlie  fossil. 

In  colour  it  varies.  Those  that  are  found  in  strata  where 
day  abounds,  are  opake,  and  o£  a  dark4irown ;  white  those 

VOL.  IX.  p.  II.  3  F  that 
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that  ocour  in  chalk  and  flint  ace  translucttit,  aad  of  an  ambw- 
yellow. 

This  curious  fossil,  of  whose  nature  nothing  but  the  moat 
vague  conjectures  have  hitherto  been  hazarded,  seems  to  have 
been  the  appendage  of  some  animal,  handed  down  to  us  pn>- 
bably  unchanged  since  its  creation.  It  will  be  remarked,  that 
its  structure  is  quite  different  from  that  of  cth&c  calcareous 
fossils,  which  are  formed  in  general  of  the  common  rhom- 
boidal  carbcmate,  while  it  is  composed  of  radiated  stns^,  di- 
verging from  a  point,  which  appears  to  have  bieen  dependeitf 
on  some  internal  organisation.  These  striae  are  interrupted 
by  concaitric  lines,  which  are  nc^  frequently  visible,  although 
they  are  rendered  so  by  the  actioQ  of  acid,  and  sometimes 
are  displayed  in  the  longitudinal  fracture.  This  arrangem^it 
seems  to  indicate  the  growth  of  the  animalf  and  had  the  be* 
lemnike  undergone  a  conversion  like  other  petrified  substances, 
must  certMnly  have  been  obliterated. 

On  this  account  we  may  perhaps  be  allowed  to  consider  the 
belemnite  as  unaltered ;  but  to  what  apecies  of  animal  it  has 
belonged,  no  conjecture  can  be  formed  T^e  thick  end  of  the 
fossil  is  always  broken^  as,  iq  consequence  of  the  conical  form 
of  the  alveolus,  it  is  reduced  to  a  thin,  delicate  edgp,  and  may 
have  beeit  attached  by  eaitilaginous  matter  to  the  body  of  the 
animal  it  belonged  to. 

Although  the  alveolus  be  very  frequently  fiU^  with  the  ma^* 
torial  in  which  the  fos^l  is  imbedded,  it  likewise  h^pens,  oc- 
casionally, to  present  an  ^otgEinic  structove*  When  the  Antrim 
fossils,  which  ar^  formed  in  flint,  have  been  reduced  by  acid, 
theailiceous  con^  is.  found  to  be  i^npressed  vnth  rings,  set  at 
regular  distances  ^  but  this  is  only  superfickd,  as  the  flint  itself 
breaks  in  its  usual  conchoidal  form,  without  any  interruption 
^m  the  ea^temal  appearance*     It  is  di^rrat,  however,  m 
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sottie  of  thief  calcaireous  specimens  j  for  when  the  cone  is  bro* 
ten  across,  it  sieparates  by  these  lines,  leaving  in  the  up^  part 
a  concavity,  and  on  the  lower  a  corresponding  convexity,  and 
eKhibiting  a  spot  oecupiied  by  a  siphunciilas  or  duct,  like  the 
nautilus  and  other  shells,  at  the  side  of  the  conoimerated  ccme 
which  is  nearest  to  that  of  the  belismnite ;  the  use  of  which, 
according  to  FarkInsok^  vol,  iii.  jp.  129.  ^^  in  all  the  oaoltilocu*- 
lar  shells,  was  to  bring  the  animal  to  which  they  are  appended, 
with  its  shell,  to  a  degree  of  specific  gravity,  so  near  that  of 
water,  as  to  render  it  capable  of  being  raised  or  sunk  with  fact- 
hty,  by  the  apparatus  6(  its  sipfaunde.''  I  conclude  that  this 
part  of  the  belemnite  must  have  exmted  in  such  a  stiate,  as,  by 
its  lightness,  it  must,  like  the  closed  chambers,  have  served  as 
a  float  to  the  animal. 

Whether  th^  Was  the  use  for  which  the  Organizaticm  of  the 
b^mnite  was  destined^  entirdy  d^>ends  upon  the  nature  of  the 
anina«U  td  whkh  it  was  appended.  Any  conjectures  on  that  bead 
mni^t  therefore  be  wholly  gratuitous.  One  thing  is  evident, 
however,  and  marks  a  con^cuous  distinction  between  the 
concameratUm,  if  I  may  use  that  expression,  of  the  bdemnite 
anfd  the  naufcihas :  the  chambers  of  the  last  are  separated  from 
eeseh  other  by  a  firm*  compact  shdl,  while  nothing  of  the  kind 
appears  to  have  e^teid  in  the  belemnite.  Its  organisation  may 
have  been  composed  of  a  soil  membranous  substance,  easily 
removed  on  the  animal  being  deprived  of  life. 

This  dtipposiciom  id  somewhat  confirmed  by  the  appearance 
of^  the  belemnites  fi>und  itt  the  Antrim  c^alk,  which  must 
have^  beett  dead  ^dk  (as  th^  expresskm  is  understood  by  m^ 
mtiliBti)  at  tihe  time  they  Were  inclosed  in  the  strata ;  for,  be^ 
si'des^  dli  ap[learances  of  the  body  to  which  they  had  belonged 
being  totally  oblitiera^ed,  the  fossil  itself  is  not  dnly  fraettfved 
at  the  edge  of  the  alreblus;  but  is  firequently,  though  not  al^ 
Ways,  found  to  have  been  perforated  by  serpulae,   and  thus 

S  F  3  afibrds 
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afibrds  one  of  the  most  singularly  beautUbl  pbenoraeiw  that 
I  have  hod  occasion  to  observe,  connected  with  the  mineral 
kingdcmi.  Some  also  appear  to  have  been  broken,  before  they 
were  inclosed  in  the  flint,  which  has  faithfully  retained  the  im- 
pression of  the  fracture  as  perfectly  as  the  finest  sealing- 
wax. 

It  is  some  years  ago  since  I  was  first  led  to  this  observation. 
While  examining  a  flint  which  contained  a  portion  of  a  be- 
lemnite,  I  remained  on  the  calcareous  radiated  ^  section  of 
the  fossil  two  or  three  circular  specks  of  flint ;  and  as  they 
also  made  their  appearance  at  the  other  end,  it  occurred  to 
me  to  remove  the  calcareous  matter  by  means  of  acid.  On 
the  accomplishment  of  this,  I  was  surprised  and  much  inte- 
rested to  find,  that  these  specks  were  the  extremities  of  cylin- 
drical portions  of  flint,  having  exactly  the  form  and  appear- 
ance of  arteries,,  and  connected  with  eadh  other,  and  with  that 
portion  of  the  cone  which  remained,  by  means  of  smaller 
fibres  representing  veins,  and  aflbrding  the  most  striking  re- 
semblance to  an  injected  anatomical  preparation.  This  disco- 
very naturally  raised  my  curiosity ;  I  searched  my  cabinet, 
but  in  vain,  to  find  spedmens  of  the  same  kind*  I  endea- 
voured, but  with  similar  success,  to  procure  some  from 
Ireland,  and  it  was  not  till  last  autumn.  (1820,)  when  I  was  in 
that  country,  in  company  with  Lord  Compton,  that  I  was 
enabled  to  procure  the  necessary  supply.  In  the  extensive 
lime-quarries  of  Mr  Fabbel  of  LariiSe,  I  pointed  out  to  the  la- 
bourers the  belemnites  imbedded  in  flint,  which  were  quite 
j&miliar  to  them,  and  for  a  trifling  gratuity,  an  abundant  quan- 
tity was  sent  me  in  a  day  or  two,  to  Belfast  On  submitting 
them  to  the  acid,  almost  all  have  affi>rded  something  ex- 
tremely interesting  and  curious,  and  have  opened  up  a  source 
of  investigation  which  may  probably  lead  to  unexpected,  re- 
sults. 

The 
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The  means  I  employed  was  to  dilute  muriatic  acid  with 
four  or  five  watersi  and  perhaps  this  was  too  rough  an  applica- 
tion for  the  very  delicate  and  minute  fibres  which  were  often 
exposed  to  it,  as  I  found  in  too  many  instances,  that,  after  the 
specimens  were  dried,  the  flinty  arborisations  would  sometimes 
fall  to  pieces.  This  extreme  delicacy  rendered  an  exhibition 
of  these  specimens  impracticable,  which  is  to  be  the  less  re- 
gretted, as  I  am  indebted  to  the  elegant  and  elaborate  pencil 
of  Mr  Greville  for  the  most  faithful  representations  of  them  ; 
and  which  I  have  now  the  honour  of  submitting  to  the  So- 
ciety. 

No.  1.  (Plate  XXV.)  the  first  drawing  is  a  portion  of  a  large 
belemnite,  selected  to  shew  the  nature  and  situation  of  the 
alveolus,  and  the  concamerated  cone  by  which  it  is  occupied. 
This  specimen  was  sent  me  by  Dr  Fitton  from  Northamp- 
ton.. 

No.  2.  Is  a  flint  from  which  the  belemnite  separated  of  its 
own  accord,  and  is  selected  on  account  of  the  indication  of 
a  serpula,  which  seems  to  have  been  attached  to  the  surface 
of  the  animal.  In  several  of  the  specimens,  the  external 
surface  seems  to  have  been  rough,  and  covered  with  minute 
protuberances,  corresponding  depressions  being  observable 
on  the  flint. 

No.  3.  In  this  specimen  the  cone  fills  up  entirely  the  base  of 
the  belemnite ;  the  trace  of  its  circle  being  lost  in  the  sub- 
stance of  the  flint.  At  its  apex  there  is  a  delicate  capillary 
process  appended.  This  is  the  process,  which  proceeds  from 
the  apex  of  the  cone,  to  that  of  the  belemnite.  I  have  found 
it  always  extremely  delicate,  and  it  sometimes  fell  to  pieces 
by  its  own  weight  There  are  also  some  of  the  little  branches 
of  flint,  which  have  occupied  the  pores  or  perforati<ms  allu- 
ded to. 

No. 
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No.  4.  This  btftftftiful  dpeciiflen  resembles  th«  first  I  <9t>tttiiedL 
Along  sid^  of  the  cone  are  those  tubes  and  capillary  ^essda 
connected  with  the  cone,  atid  with  the  sides  of  liie  b^em- 
nite,  and  entangled  in  lace-like  work,  sifaall,  irrisgalar,  glo- 
bular masses,  all  connected  by  the  most  slender  fibres. 

No.  5.  In  this  specimen  the  fossil  is  inverted,  the  base  of  the 
cone  being  uppermost.  In  order  to  prevent  it  from  falling 
to  pteces,  the  dissolution  of  the  carbonate  was  watched, 
and  stopped,  when  the  specimen  was  sufficiently  display^ ; 
it  will  be  seen  how  much  tlie  vessels  which  have  here  exist- 
ed, have  the  character  of  organization  ;  they  twist  and  rarigef 
about,  quite  like  the  gut  of  an  animal.  Still,  as  we  see  so 
little  resemblance  between  this  and  the  other  specimens,  we 
cannot  bcrt  hesitate  to  attribute  it  to  an  origin  whicd  be- 
speaks uniferfflity  and  r«^Iarity. 

No.^.  Hate  XlTVI.  This  specimen  is  stnguiw ;  it  has  evidently 
been  broken  off  at  each  end ;  the  cone,  of  which  only  a  small 
portion  remains,  rests  Bpon  flint,  which  is  impressed  with  the 
radiated  stroeture  of  the  fossil,  and  the  upper  part  is  bn^en 
off  at  right  angles,  showing  not  only  that  it  most  have  been 
a  fragment  of  the  belenmite,  when  originally  inclosed  in  the 
flint,  btft  alstii  that  it  was  then  possessed  of  (Aie  same  radi- 
ated structure  it  now  presents.  Hence,  if  it  be  a  petrifoction, 
in  place  of  an  original  formation,  as  I  have  beetii  led  to  con- 
sider it,  it  must  have  been  transformed  previoua  to  its  inclo- 
aure*  in  the  Ant.  Upon  the  surface  small  brannh^  of  arbo^ 
rescent  flint  may  also  be  observed^  as  if  thd  origina}  Ited 
been  covered  With  some  delicate  eonferva,  now  conrerted 
into  silex.  There  are  alstf  some  of  those  cylindrical  bvandies 
very  short,  as  if  they  had  cksqtipied  only  the  commencement 
of  the  perforation,  which  hwe  proeeedod  from  the  snrfiice 
inwards,  without  the  appearance  of  fracture  at  the  extrenu- 
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ties,  whkb  are  rpimded  oE^  Thes^  are  v^ry  like  the  perfo- 
rations of  a  worms  and  have  iDduced  me  to  belieye»  that 
many  pf  them  are  merely  oists  of  flint,  in  cavities  formed 
in  that  manner. 

Nos.  7,  8,  and  9.  In  these  specijmens  the  flint  which  has  been 
displayed  by  the  dissolution  of  the  calcareous  spar,  presents 
a  new  i^pearanoe,  which  may  perhaps  be  best  oompared  to 
the  ovarium  of  some  animal.  Smsdl  roundish  iinasses  are 
connected  and  entangled  with  each  other  by  thina^d  very 
delicate  threads. 

No.  10.  Is  one  of  the  globular  masses  ^  larger  thap  usual,  iiut 
also  a  little  magnified  in  the  drawing.  I  should  observe,  that 
the  flint  in  most  of  these  fossils  approaches  to  calcedony,  and 
is  lighter  in  its  colour  than  the  general  mass.  It  someti^i^ 
presents  ap  opake  chalky-looking  aspect,  which^  I  presume, 
arises  from  an  admixture  of  calcareous  matt9r,  for  I  have 
found  this  variety  very  liable  to  crumble  into  dust,  aJE^r  th^ 
operation  of  the  aci^* 

No.  11.  Is  the  same  fossil  foupd  in  the  limeiBtonQ,  and  bj  be- 
ing broJ^en  longitudinally,  thfre  app^r  bf^  the  sectipn  of  it 
cavities  filled  with  chajk,  a^;  tfa/ey  wotfld  have  bi^n  filled 
with  flint  in  th^  ^pecim^s  I  have  d«s<^bed-  I  hf»r«^  a  gp^ 
many  mioice  of  the  bbs»^  kiiyj,  particQlarly  of  the  flinjb9,  and 
some  of  them  presenting  the  m^st  beautiful  az;borisatii9pis  I 
ever  saw,  qiiit^  similar  to  th»  most  delicate  sea-weed,  which 
had  apparently  been  attached  to  the  outer  sui^Sice  o£thfih«h 
]emnite. 

This 


*  In  qagcimep£>fl£  thJrkiiMJ,  t  ham  nntir^  th^i  tf^*  4rH>mi?tkm  bcti'een  thetm 
$Ui^yiaf;  vmee^  is  .iwintfingd,  piore  p^^ti^i}]^  H^^  %^  IsTgec  t^an  th? 
ptbersi  iiD^  fDore  unifonn  in  their  positioci. 
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This  curious  arborescent,  and  most  delicate  arrangement  of 
the  siliceous  matter,  naturallj  gave  rise  to  conjectures  on  the 
probable  mode  of  its  introduction  into  the  fossil.  From  the 
specimen  designed  in  Fig.  6.  it  is  quite  evident,  that  a  frag- 
ment only  was  there  inclosed,'  and  the  enveloping  material 
being  continuous  with  the  cone  as  well  as  the  little  branches 
formed  in  the  perforations,  by  which  it  had  been  penetrated, 
it  is  certain  that  these  cavities  must  have  been  made  in  the 
calcareous  mass  of  the  belemnite.  I  am  possessed  of  a  speci- 
men from  Oxfordshire  of  a  belemnite  which  is  covered  with 
serpulse,  and  penetrated  with  numerous  worm-holes ;  and  sup- 
posing these  to  have  been  filled  with  flint,  and  laid  open  by 
the  removal  of  the  calcareous  portion  of  the  fossil,  we  might 
expect  a  preparation  exactly  similar  to  those  I  have  been  de- 
scribing. The  great  dissimilarity  among  the  specimens,  seems 
to  preclude  the  possibility  of  attributing  their  structure  to  orga- 
nization, however  strongly  some  of  them  may  resemble  it;  and, 
after  all,  it  may  be,  that  this  arrangement  is  due  to  more  than 
one  cause.  One  thing  like  uniformity  in  the  interior  structure, 
which  may  certainly  be  laid  hold  of,  is  the  projection  of  the 
delicate  fibre,  from  the  apex  of  the  concamerated  cone,  along  the 
centre  of  the  radiated  cylinder,  to  the  extreme  point  of  the  be- 
lemnite. This  is  partly  distinguishable  in  the  drawings,  Nos. 
3.  and  9. ;  and,  as  I  have  observed  it  in  many  others,  I  think 
it  may,  with  propriety,  be  attributed  to  an  organic  connection 
between  the  siphunculus  and  the  apex  of  the  fossil,  which  Pab- 
KiNsoN  says,  voL  iii.  p.  ISO.,  has  already  been  described  by 
Walch. 

With  respect  to  the  singular  arrangement  displayed  in  Figs. 
7.  8.  and  9. ;  on  a  minute  examination  of  these,  and  several 
oth^r  specimens,  it  is  very  difficult  to  come  to  any  conclusion. 
The  first  idea  that  suggested  itself,  was  the  striking  similarity 
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to  the  ovarium  of  an  animali  as  already  stated ;  but  this  is  a 
pursuit  I  must  leave  to  the  compwative  anatomist  He  may 
find  in  the  threftds  by  which  these  rounded  masses  are  con- 
nected^  more  uniformity  than  could  be  attributed  to  the  acci- 
dental perforatiQns  of  a  worm  ;  nor  do  I  think  the  elegant  and 
delicate  moss-lik,e  arrangement  of  the  fibres  with  which  they 
are  surrounded,  seem  likely  to  have  accrued  from  any  such 
operation;  and  as  an  organised  connection  has  been  point* 
ed  out,  extending  from  the  siphunculus  to  the  apex  of 
the  belemnite,  perhaps  more  practised  eyes  may  be  able  to 
trace  it  farther  in  these  or  other  specimens  *.  But  as  these 
drawings  shew,  it  is  not  the  belemnites  that  are  found  in  the 
flint  only  that  present  this. curious  internal  structure,  for  those 
which  occur  in  the  chalk,  when  broken  in  the  direction  of 
their  axes,  also  exhibit  the  same  phenomena,  having  the  ca- 
vities filled  with  white  limestone,  which,  when  contrasted  with 
the  amber-coloured  radiated  spar  of  the  belemnite,  is  exhibit- 
ed with  perfect  fidelity. 

I  have  found  several  having  these  cavities  filled  pardy  with 
chalk  and  partly  with  flint ;  but  this  only  when  the  belemnite, 
by  extending  beyond  the  mass  of  the  flint,  wJEts  partly  sur- 
rounded by  both. 

Now,  under  what  circumstances  was  it  possible)  for  either 
the  white  limestone  or  the  flint,  to  insinuate  itself  throughout 
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^  Naturalista)  having  aay  connection  with  Ireland,  will  have  no  difficulty  in 
siqiplying  themadves  with  qpedmeng ;  for  although  Mr  Pabxikson  mentions  the 
belemnite  being  found  transfixed  in  flint  as  a  circumstance  of  some  rarity,  the 
north  of  Ireland  affords  an  unbounded  resource ;  and  it  will  be  very  interesting  to 
me  to  leam,  that  this  fossil,  found  under  amilar  circumstances  in  other  places, 
pfeaenta  the  aamct  phenomena. 
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the  delicate  rami^^ions  that  ore  tfau  Uid  epmi  to  view?  Co* 
tainly  not  widi  any  d^ree  of  probability,  by  the  d^KwitioA  ef 
the  calcareous  matter,  or  the  infiltration  of  the  siliceous,  as 
suggested  by  Wbrner  ;  nor  is  the  forcible  introduction  of  sili- 
ceous  matter,  as  suggested  by  Dr  Huvton,  at  all  compatible 
with  such  delicate  structures. 

I  am  aware  of  the  temerity  of  offering  any  thing  like  a  new 
doctrine  on  the  formation  of  the  materials  I  have  been  now 
treating  of,  and  perfectly  sensible  of  the  desire  which,  in  spite 
of  us,  exists  among  us  all,  to  find  objections  to  any  novelty  of 
the  kind,  rather  than  to  contribute  our  mite  to  its  support,  or 
to  trouble  ourselves  about  the  investigation  of  the  grounds  on 
which  it  is  established.  Still,  however,  I  cannot  help  stating,  that 
after  pondering  upon  this^subject,and  taking  into  account  all  that 
I  am  acquainted  with  respecting  the  strata  of  chalk^rocks,  it  ap- 
pears to  me  that  they  must  have  been  deposited  in  a  very  quies- 
cent state;  that  the  calcareous  and  siliceous  matter  had^  by 
their  respective  attractions,  separated,  and  that  the  latter  was 
deposited  in  thin  and  multiplied  continuous  seams,  in  the  man- 
ner conceived  by  DaObuisson  ;  that  the  fossils  were  promiscu- 
ously intermingled  throughout,  when  the  specific.^[nvi(y  of  eadi 
was  equal,  so  that  they  occur  in  all  parts  of  the  steatum  ;  that  tl» 
whole  was,  according  to  Dr  Hutton,  wposed  undw  pressure  to 
a  great  degree  of  heat,  which  not  only  att^iuated  the  sobstaaoe 
of  the  carbonate  of  lime,  and  r^idered  it  capable  of  being  for- 
ced into  the  minutest  cavities  of  the  fossils ;  but  also,  by  fiising 
the  thin  seams  of  siliceous  matter,  enabled  that  substance,  by 
new  and  more  powerful  attractions,  to  coUect  itself  in  the  ephe- 
rical  mid  tuberose  groups  it  now  exhibita,  ^ivd<^>mg  the  fos- 
sils which  were  previously  intermixed  with  it,  and,  from  the 
pressure  it  nuuntained,  forcing  its  way  into  all  the  cavities 
in  the  organic  bodies,  however  minute,  thftt  b9p|>m94  U>  l» 
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among  it  Hien  follow  the  other  opentioDs  of  Hurroir ;  the 
transfer^ice  of  the  strata  from  the  bottom  of  the  sea  to  the 
wxSMce  of  the  dry  land^  whidi,  we  have  already  shown^  is  the 
only  hjrpothesis  at  all  reconcileable  to  the  high  inclination  of 
the  chalk  Bbvstsu  It  may  be  asked,  if  this  chalk  had  undergone 
a  degree  of  heat  capable  of  fusing  it,  what  has  become  of  the 
crystallisation  that  must  have  followed  that  operation  ?  for,  ex- 
cepting in  the  cavities  of  the  flint,  where  we  sometimes  disco- 
ver some  small  crystallisations  of  quartz,  and  occasionally  in 
the  limestone,  a  few  cotemporaneous  veins  of  calcmreous-spar, 
neither  the  flint,  ncft  the  limestone  they  rest  in,  present  any 
tirace  of  crystalline  arrangement ;  the  texture  is  homogeneous 
throu^out,  and,  in  general,  extremely  uniform.  But  we  have 
many  such  anomalies  in  nature ;  the  base  of  many  of  the  trap- 
rocks  presents  as  little  the  appearance  of  ciystallisation  as  even 
the  soflest  chalk,  and  yet  it  is  now  admitted,  even  by  the  pu- 
pils of  the  Freyberg  School,  to  be  of  igneous  formation  ;  and 
the  circumstance  which  Sir  H.  Ekglbpield  mentions,  of  the 
flints  being  sometimes  found  maintaining  externally  their 
usual  shape,  but  being,  in  reality,  sometimes  reduced  to  an  ab- 
solute impalpable  powder  in  ntu^  which  he  attributes  to  the 
severe  concussion  which  altered  the  position  of  the  chalk  stra- 
ta, we  might  adduce  as  an  argument  for  this  rapid  cooling; 
for  to  what  does  his  desoription  of  these  crushed  flints  more 
nearly  assimilate  itself  than  to  the  state  of  unannealed  glass  ? 

Nor  does  this  idea  of  fosion  oppose  itself  to  the  theory  of 
Professor  Buckland.  I  will  still  concede  the  possibility  of  an 
organic  origin  to  flint ;  but  I  will  suppose  it  to  have  been  a 
marine  organisation,  and  that  the  objects,  like  my  fossils,  had 
been  embarrassed  in  the  seam  of  siliceous  deposition,  and  be- 
ing probably  charged  with  siliceous  sand,  the  silex  has  formed 
round  th^n,  as  nuclei,  and,  in  the  progress  of  assuming  their 
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new  shi^e,  produced  the  alcjonic  flints  along  with  the  tube- 
rose masses  we  meet  with.  It  may  be  observed,  that  these 
alcyonia  occur  only  in  certain'  districts,  and  generally  among 
that  immense  mass  of  loose  detritus  *  with  v^iich  a  large  por- 
tion of  our  southern  counties  are  covered, — the  remains,  no 
doubt,  of  chalk  strata,  which  were  probably  demolished  during 
the  great  exertion  of  raising  them  from  the  bottom  of  the 
ocean  to  the  surface  of  dry  land.  These  alcyonia,  and  other 
zoophytic  remains,  afibrd  strong  corroborative  proof  of  the  ori- 
ginal site  of  the  flint,  and  not  a  sin^e  observation  we  are  ac- 
quainted with  tends  to  subvert  that  fact.  Nothing  which 
could  have  existed  on  the  surface  of  the  earth  has  ever  been 
found  in  chalk ;  and  so  perfect  are  the  remains  which  are  oc- 
casionally found  in  it,  that  there  is  reason  to  conclude,  that,  in 
many  instances,  they  could  not  have  been  lo&g  deprived  of 
life.  In  what  state  the  ocean  was  at  the  time  it  contained  in 
solution  the  strata  we  have  now  been  treating  of,  it  is  not  my 
intention  to  investigate;  it  is  one  of  those  hidden  mysteries  of 
the  All-powerful  Creator  which  we  must  be  cont^it  to  consi- 
der as  beyond  the  reach  of  human  investigation. 

To  contemplate  and  to  admire  the  works  of  Nature,  is  a 
field  open  and  patent  to  us  all ;  and  surely  the  order,  the  beau- 
ty, and  the  simplicity  of  every  thing  we  meet  with,  are  calcu- 
lated to  impress  the  thoughtful  mind,  with  an  humble  and  re- 
spectful admiration  of  the  Almighty  Power  which  is  every 
where  displayed,  together  with  a  true  sense  of  our  pwn  igno- 
rance and  deficiency,  in  all  that  appertains  to  the  undefin]^le 
wisdom  we  trace,  throughout  every  depfurbnent  pf  the  natunl 
world. 


*  I  learnt  frdm  Mr  Hodgkin,  that  they  had  recently  been  found  m  situ  in  the 
vicinity  of  Jjenm. 
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XXIX. — On  a  Submarine  Forest,  in  the  Frith  of  Tay^  with 
Observations  on  the  formation  of  Submarine  Forests  in 
general.    By  John  Fleming,  D.  D.  F*  R.  S.  Edin. 


(Read  June  17.  1822.^ 


X.HE  title  which  I  have  given  to  this  paper,  is,  perhaps, 
faulty,  and  apt  to  lead  the  imaginaticm  to  expect  a  description 
of  the  various  forms  of  those  sea-w^eds  which  clothe  the  chan- 
nel of  the  de^  ;*-^e  arrangement  of  the  species,  as  depend- 
ing on  the  soil  and  depth  of  water,  the  food  "which  they  yield 
to  the  various  creatures  that  browse  upon  them,  and  the  pro* 
teotion  they  afford  to  such  as  take  refuge  among  their  leaves 
and  brancheai  Very  difierent,  however,  is  the  scene  which  I 
propose  to  describe, — a  bed  of  peat-moss,  covered  by  the  sea 
at  every  full  tide,  but  indicating,  by  the  appearances  which  it 
exhibits,  that  its  present  low  level  is  different  from  its  origi- 
nal position.  In  other  words,  it  is  a  geolc^cal  phenomenon, 
occurring  in  the  Frith  of  Tay,  similar  to.  the  one  observed 
on  the  Lincolnshire  coast,  which,  in  1796,  was  examined  by 
the  late  Sir  JosErar  Banks  and  Dr  Joseph  Corbea  de  S^jra, 
and  ilescitiied  by  the  latter  in  the  Transaeiions  oftke  Royal 
Soekkf  tfjT  Lmdon  fw  1799,  p.  145,  under  the  title,  "^  On  a 
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Submarine  Forest,  on  the  Eatt  Coast  of  Eng^and^  I  vctUnre 
to  prdSx  the  same  title  to  this  piqper,  which  I  now  oflfer  to 
the  consideration  of  the  Royal  Sodetj  of  Edinbun^,  aware  of 
its  impropriety,  but  urged  by  the  wish  to  connect  similar  phe* 
nomena  by  the  common  terms  employed  in  their  descripticm. 

The  bed  of  peat  to  be  described,  and  now  digni6ed  by  the 
title  of  a  Submarine  Forest^' occurs  on  the  south  bank  of  the 
Frith  of  Tay,  and  has  been  observed  in  detached  portions  on 
the  west  side  of  Flisk  Beach,  to  the  extent  of  nearly  three 
miles,  and  on  the  east  side,  upwards  of  sevoi  miles.  At  this 
particular  place,  to  which  the  following  obsenrations  chiefy  ap- 
ply, it  rests  upon  a  bed  of  clay  of  unknown  depth.  This  day 
is  of  a  grey  colour,  much  mixed  with  mica,  and  in  some  places 
with  grains  of  quartz,  and  resembles  the  Carse  ground  on  the 
opposite  side  of  the  Frith,  or  the  contents  of  the  sand-baoks 
which  obstruct  its  channel.  The  uj^ier  portion  of  this  day 
has  been  penetrated  by  numerous  roots,  which  ace  now  chan- 
ged into  peat,  and  some  of  them  even  into  iron-pyrites*  The 
suiface  of  this  bed  b  horizontal,  and  situate  neariy  on  a  level 
with  low  water-tnaric  In  this  respect,  however,  it  varies 
a  little  in  different  places<  The  peat-bed  oocnrs  immediately 
above  this  clay.  It  consists  of  the  remains  of  the  leaves, 
stems  and  roots  of  various  common  pluits,  of  the  natural  or- 
ders Equisetaceae,  Gramineae  and  C3^>eraoefl&,  mixed  with 
roots,  leaves,  and  branches  of  birdi,  hazd,  and  pcobaUy  also 
aider*  Hazd-nuts,  destiti^  of  kernel,  are  of  fieqiioit  QOCitr- 
rence.  All  these  vegetable  remains  are  much  defaressed  ot 
flattened,  where  they  occur  in.  a  horizontal  position^  but»  where 
vertical^  they  retain  their  original  rounded  Jform..  The  peat 
can  be  easily  separated  into  thin  layers^  thesur&ce  of  eac^oo- 
veired  with  leaves.  The  lowest  pcnrtion  of  this  peat  is  of  « 
browner  colour  than  the  superior  layers;  the  tfiztme  likewise  is 
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WKMB  oompact,  aad  the  y^etabk  remains  more  obliterated. 
The  peat  eontains  a  good  deal  of  earthy  matter. 

The  surfiu^e  of  this  bed  of  peat  is  nowhere  (that  I  have  de- 
tected) covered  by  any  aQuvial  stratum,  nor  does  it  occur  at  a 
hi^o*  level  than  four  or  five  feet  below  high  water-mark. 
Towards  tke  shore  it  seems  to  be  cut  off  by  the  old  red  allu- 
vial clay,  on  which  the  newer  grey,  or  carse  clay  also  rests. 

The  only  circumatanee  of  much  interest,  in  reference  to 
this  peat-bed,  remains  to  be  stated.  Upon  its  surface  may  be 
perceived  the  stumps  of  trees,  with  the  roots  attadied,  and  evi*- 
dently  occupying  the  position  in  which  they  formerly  grew ;  as 
the  roots  are  observed  to  spread,  subdivide,  and  penetrate  the 
bed  in  their  usual  natural  manner.  I  have  counted  at  one  time, 
after  a  fiivourable  tide  had  deared  away  all  silt  and  gravel  from 
the  surface,  upwards  of  a  score  of  these  roots,  situate  at  unequal 
distances  from  one  another,  but  all,  by  the  position  and  ar- 
rangement of  their  roots,  demonstrating  that  such  had  been, 
while  growing,  their  original  situation.  To  prevent  any  suspi* 
cion  from  arising,  that  I  may  have  been  deceived  on  this  subject, 
I  may  stated  that  the  scene,  situate  but  a  few  hundred  yards 
finm  my  dwdling,  has  been  examined  repeatedly,  and  under 
different  circumstances,  and  sevelral  friends  who  have  visited 
the  spot,  have  appeared  satisfied  of  the  accuracy  of  my  conclu- 
skms«  I  may  mention  the  names  of  two  of  these,  Mr  Neill 
and  Mr  .Bald,  both  members  of  this  Society,  and  well  quali- 
fied^ by  haUtaofobewvafcion,  to  form  a  correct  (pinion  onthe 
wAgmU:  Jkbny  of  thttse  trunka  and  roots  occur  from  eight  to 
tail  iBnfefafik>W)high*99Bter  mark.         .  . 

I£.iiir'aadBnwi  tbcfefMM,  that  the  r6Qts> of  these  trees  are  in 
tbsit  satiital  pOiktm*  whJi  xespeot  to  the  bed  which  now  sup- 
port}^ theibi  anh  :!rf»rirto«»ted  to  ooAcliide  that  they  grew 
on  a  aurfiice  t^i  feet  lower  than  the  high  water-mark,  but 
hd&te  tliat  saskce  was  exposed  to  the  periodical  inunda- 
tions 
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tiona  of  the  tide?  Evefy  oarity,  in  this  cUmake,  ntmte  at  a 
lower  level  than  that  of  the  sea^  is  invariably  filled: with  water^ 
and  in  a  condition  hostile  to  the  growth  of  troea^  until  its  sur* 
fiice  has  been  elevated,  by  the  washing  in  of  mud,  or  the 
growth  of  peat,  to  a  position  at  least  equal  to  the  oidinary 
rise  of  the  tide.  Since  these  trees  could  not,  therefore,  have 
grown  in  an  inland  valley  so  far  bdow  the  rise  of  the  tide, 
even  where  the  sea  was  excluded,  we  must  draw  the  conclu- 
sion, that  the  surface  on  which  these  troes  grew,  waa,  at  the 
period  of  their  growth,  at  least  ten  ieet  higher,  in  rdbticm  to, 
the  sea,  than  at  present ;  and  to  account  for  this  r^narkaUe 
change,  we  must  adopt  one  of  the  following  suppositions : — 
Either  that  the  sea  has  risen  ten  feet,  and  overflowed  that  sur- 
face which  was  formerly  beyond  its  readi ;  or,  that  the  ground 
supporting  these  trees  has  sunk  to  the  same  extent. 

Hie  first  of  these  suppositions,  vi2.  A  permanent  rising  of 
the  sea,  has  not  been  resorted  to  by  any  of  those  writ»s  whom 
we  have  had  an  opportunity  of  consulting.  Indeed  it  is  con- 
trary to  those  known  laws  which  r^ulate  the  movements  of 
the  ocean,  and  receives  no  support  £tom  any  drcumstances 
which  have  been  observed  on  the  maritime  shwes  of  this 
country. 

If,  then,  we  abandon  the  idea  that  the  sea  has  gained  an 
elevation  of  its  level,  and  adopt  the  other  supposition,  viz. 
That  the  peat-bed  has  sunk,  so  as  now  to  be  ten  feet  lower 
than  when  the  trees  grew  upon  its  surfiu^,  we  advance  a  step 
nearer  the  object  at  which  we  aim.  It  still  remains^  however, 
to  be  determined,  what  those  causes  were,  which  operated  in 
depressing  the  surfiu^e  of  this  bed,  and  ^labling  the  waves  to 
pass  over  that  soil  which  was  formerly  so  much. beyond  their 
influence,  as  to  be  fit  fw  the  support  of  the  hazel  and  the  biidbi 
tree. 
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The  first  method  of  explaining  the  phoiomenon  likely  to  pre* 
seat  itself,  ^pedally  where  the  bed  is  limited  in  extent,  is  by 
supposing  thiit  tbe  substratum,  having  lost  its  adheiion  to  the 
bed  on  which  it  rested,  by  the  percolation  of  watery  and  the 
exposure  of  the  side  next  the  sea,  mbved  down  an  inclined 
plane  into  deep  water,  carrying  along  with  it  the  upper  layer 
of  vegetable  matter,  and  the  trees  growing  upon  its  surface. 
Such  occurrences  have  taken  place  in  several  inland  bogs, 
both  in  Scotland  and  Ireland,  which  have  moved  out  of  their 
positions  to  a  lower  level.  The  extent,  however,  of  this  bed,  and 
the  horieoBtality  of  its  layers,  prevent  us  from  considering  its 
present;  depressed  position  as  having  been  produced  by  any 
sliding  of  this  kind.  Neither  hath  it  arisen  from  the  washing 
away  of  the  soft  matter  on  which  the  bed  supporting  the  trees 
rested,  for  the  clay  still  remains,  and  at-  the  line  of  junction 
is  much  incorporated  with  the  peat. 

This  washing  away  of  the  subsoil,  however,  has  been  resorted 
to  by  Mr  Watt  of  Skail,  to  explain  the  conditions  of  a  submarine 
forest  on  the  west  coast  of  Orkney.  It  occurred  to  him  "  that 
*^  this  bed  of  moss  and  trees  has  arrived  at  its  present  level 
**  (so  as  to  be  covered,  during  the  flood-tide,  to  the  depth  of 
**  at  least  fifteen  feet  of  water),  in  consequence  of  the  removal 
"  of  a  bank  of  earth,  at  least  eighteen  feet  deep,  which  has 
**  been  washed  gradually  away,  by  the  water  of  the  Loch  of 
^  Skaill  oozing  along  the  rocks  upon  which  it  rested,  and 
**  upon  which  the  mass  of  leaves  now  rests,  held  together 
**  by  the  fibres  of  the  roots  of  the  trees."  See  Edin- 
burgh Philosophical  Journal^  vol.  iii.  p.  101.  This  explana- 
tion, however,  is  liable  to  very  strong  objections.  It  is  not 
probable,  that,  on  the  stormy  coast  of  the  west  side  of  Orkney, 
where  the  rocks  themselves  yield  to  the  finy  of  the  waves,  and 
where  the  top  of  every  cliff  is  a  heap  of  ruins,  a  mass  of  earth, 
t    vott  IX.  p.  n.  3  H  eighteen 
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dghteen  feet  in  thidmess,  would  be  pennitted  to  remam,  un- 
til  washed  away  by  the  slow  force  of  percokting  fredi  water, 
or  that  a  continuous  bed  of  peat,  of  iKarly  an  aore  in  extent, 
would  be  spared  from  destruction,  and  suffered  to  setde  peace* 
fully,  in  the  Bay  of  Skaill,  so  as  to  be  covered  at  flood-tide 
with  fifteen  feet  of  waten 

If  we  have  no  reason  to  doubt  that  this  Tay4>ed  ims  trans* 
ported  to  its  pres^it  situation,  in  what  manner  has  it  reached 
its  present  level  ?  Two  solutions  of  this  curious  qnesticHi  have 
been  ofiered,  as  connected  with  similar  occurrences,  by  emi- 
nent individuals,  Dr  Boelase,  Dr  J.  Correa  D£  Skeea,  and 
Professor  Platfaib. 

Dr  BoRLASE,  who,  in  1757,  observed  a  submarine  forest  at 
Mount^s  Bay,  Cornwall,  cov^ed  at  full  tide  wiUi  twelve  feet 
of  water,  considered  the  depression  of  the  bed,  whidi  support- 
ed the  trees,  and  still  contained  their  roots  in  mIm,  as  having 
arisen  from  subsidence  of  the  ground^  produced  by  earth- 
quakes, or,  to  state  it  in  his  own  words^  *^  that  there  has  been 
^  a  subsidence  of  the  sea-shore  hereabouts,  is  hinted  in  my 
'*  letter  to  you,  p«  93;  and  the  different  levels  and  teodoides 
^'  which  we  observed  in  the  positions  of  the  trees  we  found, 
^  afford  us  some  material  inferences  as  to  the  d^ee  and  ine^ 
^  qualities  of  sudi  subsidences  in  general ;  as  die  age  in  which 
*^  this  subsidence  happened  (new  1000  years  since  at  least), 
^  may  convince  us^  that  when  earthquakes  happen^  it  is  well 
^  for  the  country  that  they  are  attended  with  subsidences; 
^^  for  then  the  ground  settles,  and  the  inJSammable  matter, 
which  occasioned  the  earthquake,  has  no  long^  room  to 
spread,  unite  and  recruit  its  forces,  so  as  to  create  frequent 
and  subsequent  earthquakes;  whereas,  where  there  are 
earthquakes  without  proportional  subsidences,  there  the  ca* 
verns  and  ducts  underground  remaining  open  and  unchodc- 

*•  ed. 
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^  ^  ed,  the.uaooB  came  wfaidi  oeoaaioiied  the  first  has  rocmi  to 

^  ^  revive,  and  rooew  its  struggles,  and  to  repeat  its  desolations 

^  ^  and  terrors;  wbidi  is  most  probably  the  easeof  Lisbon/* 

»  PhiL  Tran$.  1161,^52. 

^  The  vievs  of  Dr  Boblase,  in  refiarence  to  this  depression  of 

the  ground,  in  consequence  of  earthquakes,  was  evidently  in* 
^  fluenced  by  the  curious  observations  wfaidi  he  had  form^ly 

K  made  on  die  aubsidenee  of  some  {daees  at  the  Scilly  Islands, 

K  as  stated,  FML  TVow.  vol  xlviu.  p.  62 ;  and  other  observers 

^  may  be  led  to  form  the  same  opinion,  especially  if  the  sin- 

i  gular  sinking  of  the  cliff  at  Folkstone,  about  forty  feet,  even  in 

the  absence  of  an  earthquake,  be  taken  in  consideration.     See 
i  PhU.  Trans.  1786,  p.  220. 

9  Dr  CoRREA  D£  Serra  rIso  ascHbes  the  depressed  position 

^  of  the  submarine  forest  of  Lincolnshire  to  the  force  of  sub-* 

[  sidence,  aided  by  the  sudden  action  of  earthquakes.     ^  Hiere 

^^  is  a  force  of  subsidence  (he  says),  particularly  in   soft 
1  '  ^^  ground,  which,  being  a  natural  consequence  of  gravity,  slow- 

r  *^  iy,  though  p^petually  operating,  has  its  action  sometimes 

^  quickened  and  rendered  sudden  by  extraneous  causes,  for 
[  *•  ittMance,  by  earthquakes."    *•  This  force  of  subsidence,  sud- 

^  denly  acting  by  means  of  some  earthquake,  seems  to  me  the 
\  ^^  most  f>robable  cause  to  which  the  actual  submarine  situa^ 

"  tion  of  tlie  forest  we  we  speaking  of  may  be  ascribed.     It 
I  ^^  affords  a  simple  easy  eiqplanatton  of  the  matter ;  its  proba^ 

^^  bility   is    supported  by  numberless    instances    of  similar 

«*  events.**    I%U.  Tram.  1799* 

Professor  Platvair,  when  eontempSating  the  ph^iomena  of 

the  Lincoln^re  submarine  forest,  rejected  the   explmmtion 

offered  by  Dr  Correa  de  Serra,  and  availed  himself  of  some 

of  the  peculiar  assumpti^ms  of  the  HuUmUmi  Thmry  of  the 

Earth.     •^  The  subfiSdence  (he  says)  iiowever,  is  not  here 

3  H  2  **  understood. 
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^^  understood  to  arise  from  the  mere  yiekUng  of  some  of  the 
^^  strata  immediately  imderaeadi,  but  is  conceived  to  be  a  part 
**  of  that  geoli^ical  system  of  alternate  d^renioR  and  eleva- 
^^  tion  of  the  surface,  which  probably  extends  to  the  whole  mi- 
^^  neral  kingdom.  To  reconcile  all  the  diffisrent  ftcts,  I  should 
^^  be  tempted  to  think,  that  the  forest  which  once  covered 
^^  Lincolnshire,  was  immersed  under  the  sea  by  the  snbsid^ice 
^^  of  the  land  to  a  great  depth,  and  at  a  period  considerably 
^V  remote ;  that  when  so  immersed,  it  was  covered  over  with 
^  the  bed  of  clay  which  now  lies  upon  it,  by  d^osition  from 
^^  the  sea,  and  the  washing  down  of  earth  from  the  land ;  that 
^^  it  has  emerged  from  this  great  depth  till  a  part  of  it  has  be- 
^^  come  dry  land ;  but  that  it  is  now  sinking  again,  if  the  tnr- 
^^  dition  of  the  country  draerves  any  credit  $  that  the  part  of 
^^  it  in  the  sea  is  deeper  under  water  at  present  than  it  was  a 
^^  few  years  ago/'  lUwtratians  of  the  Huttonian  Theory^ 
p.  453. 

A  careful  examination  of  tJieae.  conjeotures,  which  had  been 
offered  to  account  for  the  phenomena  of  submarine  forests^ 
soon  convinced  me  that  the  subject  was  still  imperfectly  un- 
derstood. Under  this  impression,  I  endeavour^  to  become 
possessed  of  all  the  conditions  of  the  problem,  and  now  ven* 
ture  to  offer  a  solution.  The  opinion  which  I  have  been  led 
to  form  has  been  entertained  for  some  years,  and  stated  to  se- 
veral friends,  without  an  objection  having  presented  itself. 

If  we  suppose  a  lake  situate  near  the  sea-shore,  and  having 
its  outlet  elevated  a  few  feet  above  the  rise  of  the  tide,  we 
have  the  first  omdition  requisite  for  the  production  of  a  sub- 
marine forest. 

If  we  now  suppose,  that,  by  moans  of  mud  carried  in  by 
rivulets,  and  the  growth  of  aquatic  plants,  thb  lake  has  be- 
come 
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come  a  macsh,  and  a  stnifcum  of  vegetable  matter  formed  on 
the  surface,  of  sufficient  density  to  support  trees,  we  arrive  at 
the  second  craidition  whidi  is  requisite.  This  state  of  a 
marsh,  formerly  a  lake,  is  of  common  occurrence,  more  espe- 
cially where  the  surrounding  grounds  are  high,  and  covered 
with  soil,  for  in  this  case  the  rain  washes  down  earthy  parti- 
cles, and,  by  spreading  them  on  the  grassy  surface,  renders  it  a 
more  suitable  soil  for  the  growth  of  trees. 

In  this  second  condition,  all  the  strata  below  the  outlet  of 
the  marsh  are  kept  constantly  wet,  or  in  a  semifluid  state. 
The  force  of  ordinary  subsidence,  aided  by  occasional  earth- 
quakes, may  render  the  whole  tolerably  compact ;  yet  the  quan* 
tity  of  water  necessarily  present,  will  prevent  any  thing  like 
the  degree  of  condensation  of  ordinary  alluvial  land  or  soil 
from  taking  place. 

Suppose  a  marsh  in.  this  condition  to  have  the  level  of  its 
outlet  lowered,  or  rather,  to  have  its  seaward  barrier  removed 
(an  occurrence  which  many  circumstances  induce  us  to  believe 
to  have  happened  frequently  both  on  the  east  and  west  coasts 
of  this  country,  where  submarine  forests  are  not  of  rare  occur- 
rence), what  consequences  would  follow  ?  The  extremities  of  the 
strata  now  exposed  to  the  sea,  would  at  every  ebb-tide  be  left 
dry,  to  a  depth  equal  to  the  fall  of  the  tide.  Much  water,  for=. 
merly  prevented  from  escaping  by  the  altitude  of  the  outlet, 
would  now  ooze  out  from  the  moist  beds,  and  the  subsiding 
force  would  act  more  powerfully  in  the  absence  of  the  water 
which  filled  every  pore.  All  the  strata  above  low  water-mark 
would  thus  collapse,  and  the  surface  of  the  marsh,  instead  of 
remaining  at  its  original  height,  would  sink  below  the  level  of 
the  sea.  But  the  escape  of  the  water  from  the  strata  would 
not,  in  such  circumstances,  be  confined  to  the  beds  situate 
above  the  low  water-line.     Even  those  occupying  a  position 

considerably 
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considembly  low^,  would  be  inflnoiGed  by  the  change ;  for 
the  water  even  in  audi  would  be  squeezed  out,  in  conse^ 
quence  of  the  prewure  of  all  die  matter  of  the  strata  above 
the  low  water«mark,  exerted  during  every  ebb,  in  the  expuW 
sion  of  the  water  at  the  lowest  level,  thus  permitting  the  sub^ 
sidence  of  the  strata  to  take  place  even  to  the  lowest  beds  of 
the  morass« 

In  consequence  of  this  drainage,  produced  by  the  ebbing  of 
the  tide  on  those  marshes,  the  origiml  barriers  of  which  have 
been  destroyed,  there  is  no  difficulty  in  accounting  for  the  de- 
pression of  the  surface  of  a  marsh  many  feet  lower  than  its  ori- 
ginal level,  nor  in  explaining  the  fiict  that  Neptune  now  tri- 
umphs where  Sylvanus  reigned,  and  that  the  sprightly  Nereids 
now  occupy  die  dwellings  of  their  aister  Naids* 

The  same  explanation,  now  offered  to  account  for  the  sub* 
marine  forest  of  the  Tay^  seems  equally  applicable  to  those  of 
Mount^s  Bay,  Lincolnd^ire^  «k1  Orkney.     It  is  warrairied  by 
the  effects  which  we  have  observed  to  have  taken  place  in  differ- 
ent districts  of  Scodand,  from  the  artificial  drainage  of  marshes 
which  had  formerly  been  lakes,  and  which  were  in  a  condition 
of  surface  fit  for  the  growth  both  of  wiUows  and  alders.    In  some 
cases,  where  the  oudet  of  the  marsh  has  been  lowered  perhaps 
ten  feet,  and  a  ditch  at  this  new  level  q[>ened  through  the  mid* 
die  of  the  ground,  an  expectation  has  been  formed  that  the  ori- 
ginal surface  would  be  drained  of  all  its  moisture,  and  brought 
into  an  arable  condition.  A  seas(m,  however,  has  scarcely  lap- 
sed, before  this  deep  ditch  has  become  shallow,  not  by  the  silting 
up  of  the  bottom,  but  by  the  subsidence  of  the  neighbouring 
matter,  in  consequence  of  the  abrtxaotbn  of  the  water ;  and 
the  ground  which  was.  expected  to  becsime  fit  for  yielding  ^x>p8 
of  grain,  has  returned  to  a  condition  h^ter  juited  to  the  growth 

of 
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of  rushes.     No  provision  in  diese  cases  had  been  made  for 
the  effect  of  subsidence. 

Before  conduding  this  paper,  I  may  take  notice  of  a  few 
facts  which  seem  to  have  some  interest  in  a  geological  point 
of  view. 

1.  One  effect  of  the  subsidence  to  which  I  have  here  alluded, 
is  the  complanation  of  all  the  vegetable  remains  which  oc- 
cur in  a  horizontal  position,  or  parallel  with  the  surface  of  the 
bed  of  peat ;  while  those  situate  vertically  retmn  their  cylin- 
drical shape.  The  vegetable  remains,  so  common  in  the 
strata  accompanying  cod  in  this  country,  exhibit  the  same 
appearances  in  similar  circumstances,  and  lead  to  the  con- 
clusion, that  the  matter  of  the  strata,  at  the  period  of  depo- 
sition, was  in  such  a  condition  as  to  admit  of  the  mechanical 
effects  of  subsidence  U^ing  place. 

2.  In  the  examination  of  the  vegetable  remains  in  this  bed 
of  peat,  and  of  others  which  have  been  investigated,  I  have 
been  led  to  conclude  (contrary  to  the  commonly  received  opi- 
nion *),  that  many  of  the  supposed  stems  of  reeds  which 
occur  in  a  petrified  state,  are  in  fact  roots.  These  roots,  or 
rather  subterranean  stems,  sudi  as  the  Arundo  colorata  and 
phragmites,  Menyanthes  trifoliata,  and  many  other  marsh 
plants  exhibit,  frequently  occur  in  beds  of  peat,  in  a  dead 
state,  md  exhibit  their  peculiar  diaracters,  when  but  few 
traces  of  the  stems  to  which  they  belonged  can  be  detect- 
ed. 

3*  Seyeral 
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3.  Several  changes  of  a  diemical  kind  have  abeadj  taken 
place  in  this  stratum  of  peat  The  fibrous  structure  of  much 
of  the  vegetable  matter  is  obliterated,  small  portions  of  the 
reeds,  and  even  of  the  wood,  are  so  changed  as  to  resemble 
wood-coal ;— changes  these,  which  plainly  intimate,  that  a 
process  is  going  on,  by  which,  in  time,  that  which  is  now  peat 
may  become  coal.  In  the  crevices  of  some  portions  of  the 
wood  I  have  detected  thin  crusts  of  the  blue  phosphat  of  iron. 
It  is  rather  singular  to  have  found  some  of  the  roots  in  the 
soft  clay  changed  into  iron-pyritez.  This  change  has  chiefly 
taken  place  in  the  bark,  and  in  such  cases  the  wood  and  pith 
are  wanting.  In  one  example,  however,  the  pith  remained, 
and  had  likewise  been  converted  into  pyrites.  In  many  cases 
the  clay  is  full  of  tubular  cavities,  the  remains  of  the  spaces 
which  the  roots  or  stems  of  plants  once  occupied.  The  walls 
of  these  cavities  are  usually  of  a  darker  colour,  and  firmer  tex- 
ture, than  tlie  surrounding  matter,  and  have  evidently  under- 
gone some  change,  in  consequence  of  the  decomposition  of 
the  vegetable  matter.  In  some  cases,  the  epidermis  of  the 
plant  remains  in  contact  with  the  surrounding  clay,  while 
the  matter  of  the  interior  has  disappeared.  Into  these  cavi- 
ties the  clayey  matter  enters  slowly,  and  fills  the  mould  which 
the  decomposition  of  the  plant  has  prepared.  This  may  be 
regarded  as  a  process  similar  to  the  one  which  has  taken  place 
in  those  vegetable  petrifactions  so  common  in  the  argillace- 
ous and  arenaceous  beds  of  the  coal-formation,  in  which  slate- 
clay,  clay-ironstone  and  sandstone,  are  exhibited  under  the 
external  forms  of  plants. 

Should  these  observations  appear  interesting  or  satisfactory, 
I  shall  feel  disposed  to  transmit,  at  no  distant  period,  the  re- 
sult 
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suit  of  some  observations  **  On  the  present  level  of  the  Carse 
of  Gowrie,  in  reference  to  the  Frith  of  Tay  ;'*  and  likewise 
some  remarks  on  ^^  the  Truncated  Sand-hills  and  Deep  Basins, 
which  occur  between  Leuchars  and  Wormit  Bay  in  Fife- 
shire;** 


Manse  of  Flisk, 
I5th  June  1822, 


■:l 
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XXX.-*— Description  of  a  Monochromatic  Lamp  for  Microsco- 
pical  purposes^  ^c.  with  Remarks  on  the  Absorption  of  the 
Prismatic  Rays  by  coloured  Media.  By  David  Bbewster, 
LL.  DL  F.  R.  &  LoND.  &  Sec.  R.  S.  EmN. 

fReadJprU15.1B^.J 

XN  a  Paper  on  Vision  through  coloured  Glasses,  which  I  had 
lately  the  honour  of  submitting  to  the  Society  ^^  I  pointed  out 
tbe  ftdvuitages  of  coloured  media  in  Microscopical  and  Teles** 
copical  observations.  Having  experienced  the  great  utHity  of 
Green  and  Red  lAnsesj  in  developing  vegetable  structures  that 
required  to  be  examiined  with  high  powers,  I  was  anxious  to 
derive  from  this  new  principle  all  the  advantages  which  it  ap^ 
peared  to  possess.  In  attempting  to  do  this,  it  became  necessary 
to  ascertain  the  power  of  giving  distinct  vision,  whidi  belonged 
to  each  separate  colour  of  the  spectrum,  and  though^  I  had 
stated  in  my  former  paper,  ^^  that  it  was  difficult  to  discover 
"  any  reason  why  one  coloured  medium  should  be  preferred 
^^  to  another,  provided  each  of  them  transmits  equal  quantities 
"  of  homogeneous  light  ;*'  yet  it  was  desirable  to  put  this 
theoretical  opinion  to  the  test  of  direct  experiment  Sir  Wii^ 
LiAM  Hebschel  f  had  long  ago  investigated  this  point  in  refe^ 
rence  to  the  use  of  coloured  media  for  solar  observations,  arid 
had  concluded  that  every  colour  of  the  spectrum  possessed  the 

Si  2  sam€ 

' '  I.I  -  1 .1  ■  -      I  I  ■  ■■  1 1   .        Ill  I   ,1  ■  I 

•  See  the  Edinburgh  PhUosophical  Journal^  voL  vi  p.  108. 

f  Phi&sDphicat  TrarmcCumSy  1800.  ,    ' 
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same  power  of  giving  diHinct  vision;  but  his  method  of  observa- 
tion, which  consisted  in  viewing  through  a  microscope  a  Nail 
illuminated  in  succession  with  each  of  the  colours  of  the  prism^ 
was  by  no  means  calculated  to  give  definite  results,  and  thwe- 
fore  lefl  the  question' in  all  its  uncertainty. 

In  order  to  obtain  precise  indications,  which  were  not  ca- 
pable of  being  misinterpreted,  when  applied  to  practical  pur- 
poses, I  formed  a  spectrum  from  a  luminous  disc,  by  means  of 
a  prism  of  a  highly  dispersing  substance,  and  with  a  large  re- 
fracting an^e*  I  then  examined  this  spectrum  through  a  great 
variety  of  coloured  media,  both  solid  and  fluid,  and  marked 
the  size  and  shape  of  the  image  into  which  it  was  converted* 
The  perfection  of  this,  imager  or  its  narrowness  in  the  direcUon 
t^the  length  of  the  spectrum,  became,  a  precise  and  uoequivo* 
eal  test  of  the 'fitness  for  distinct  vision  which  belonged  to  the 
light  out  of  which  it  was  formed. 

By  this  method  of  observation,  I  found  that  a  distin^  imagd 
of  the  luminous  xlisc  c^uld  not  be  obtained  ekher  by  produ^ 
dng  a  Blue  or  a  Green  image,  and  that  it  was  only  :in  the  Red^ 
portion  of  the  tpectruni  that  such  an  effect  was  likdy  to  be  ob* 
imnedl  In  the  use  of  piirple  glasses,  I  observed  that  the 
middle  portion  of  the  Red  iipace  was  absorbed  before  the  .two 
extreme  portions,  so  that  instead  of  one  Red  image  there  were 
two,  quite  sq^arate,  and  tolerably  distinct  By  increasing, 
however,  the  thickness  of  the  plate,  the  most  refm&^ble  red 
imiage  v^as  absorbed^  and  the  least  refrangible  one  left  in  a 
state  of  the  most  perfeet  distinctness.  Although  I  h^d  bow 
determined,  the  part  of  the  spectrum  that  was  best  fitted  fpr 
giving  perfect  vision,  yet  the  quantity  of  light  eyti^giiishecl 
before  the  insulation  of  the  extreme  red  ray  was  affected,  was 
so  great  as  to  render  the  determination  of  little  practical  utili- 
ty, excepting  in  cases  where  the  outline  of  an  object  was  to  be 
c^served.  Had  it  be^i  possible  to  insulate  the  most  luminous 
rays  of  the  spectrum  as  perfectly  as  the  extreive  Red  on^  the 

advantage 
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adfBntage  wbnM  have  been  of  very  considerable  amount ;  but  I 
have  fclundthifi  quite.  iffipnu;ticid)le,  and  I  venture  to  say,  that 
tke'ieparaticm  of  homt^eneous  green  or  homogeneous  yellow 
light,  of  ah  J  considerable  intensity/  caimot  be  effected  by  any 
coloured  media  with  which  we  are  at  present  acquainted. 

Abandoning/ therefor^  all  hopes  of  obtaining  from  colour- 
ed media  any  farther  improvement  upon  the  microscope  than 
what  I  had  formerly  announced,  it  occurred  to  me,  that  the 
object  wfaidi  I  had  m  view  might  be  obtained,  if  I  could  pro- 
cure, from  the  combustion  of  inflammable  substances,  a  hamo^ 
genewsfiamefor  iUundnatlng  micro$copic  cbjecU. 

It  had  long  been  known,  that  a  great  quantity  of  homoge- 
neous yellow^  light  was  created  by  placing  salt  or  nitre  in  the 
white  flame  of  a  candle,  or  in  the  blue  and  white  flame  of  burn- 
ing alcohol^.  A  light,  however,  generated  in  this  manner, 
was  more  fitted  for  a  casual  experiment,  than  for  a  permanent 
aoiiree  of  ilhmiuiiUion^  and  as  insalubrious  vapours  are  disen- 
gaged during  the  combustion  of  these  salts,  I  did  not  avail  my- 
self (^  this  mediod^obtaiumg  yellow  light 

After  numerous  experiments,  attmided  with  much  trouble 
and  disappointment;  i  £>ubd  (hat  aimo$t  all  bodies  in  which 
iheanrtbuaion  irtfs  imperfect^  such  as  paper ^  linen^  cotton^  S^. 
gave  a  light  m  which  the  homogeneous  yellow  rays  predomi* 
noted  ^'-^•^slt  the  quantity  of  yellow  light  increased  with  the 
humidity  of  these  bodies ; — and  that  a  great  proportion  of  the 
aame  light  was  generated,  when  various  flames  were  urged  me- 
chanically by  a  blowpipe  or  a  pair  of  bellows. 

As  the  ydl&ao  rays  seemed  to  be  the  product  of  an  imper- 
fect combustion,  I  conceived  that  alcohol  diluted  with  water 

would 

•  Edinbur^  Phjfiicdl  and  Literary  Euays^  toL  iL  p.  34. ;  and  Dr  Thomab 
Yo0Ho*B  NaL  PhU  Td.  L  p.  488.  HrHniBCHEL  infbrms  me,  that  sulphur  m  a 
csrtain  stage  of  its  oombustkm  iNxiduoes  a  homogen^^ 
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would  produce  them  in  greater  aliundanoe  than  when  it  was  in 
a  state  of  purity,  and  upon  making  the  experiment,  I  found  it 
to  succeed  beyond  my  most  sanguioe  expectations*  The  whole 
of  the  flame,  wkh  the  exception  of  a  small  portion  of  Uut 
light,  was  a  fine  homc^neous  j/ellowj  which,  when  analysed  by 
the  prism,  exhibited  faint  traces  of  green  and  blue,  Irat  not  a 
single  ray  of  red  or  orange  li^t   The  green  and  bluexays  wfai^ 
accompanied  the  yellow  flame,  had  comparatively  iso  little  ii^ 
tensity,  that  they  disappeared  in  the  processes  of  illiimixiatiiig 
-and  magnifying  jthe  object  under  examination}  and,  even  if 
they  had  existed  in  greater  abundance,  it  was  quite  easy  to 
absorb  them  at  once  by  the  intervention  of  a  plate  cf  the  palest 
yellow  glass,  and  thus  render  the  lamp  petfetetly  iaonodiix>ma* 
tic. 

From  many  experiments  on  the  combustion  of  dtlul;ed  alco- 
hol, I  found  that  the  disdbarge  of  yellow  light  depended  great- 
ly on  the  nature  of  the  wick,  and  on  the  rapidity  with  which 
ihe  fluid  was  converted  into  vapour. .  A  piece  of  sponge,  with  a 
number  of  projecting  points,  answered  the  purpose  of  a  wid^ 
better  than  any  othec  substance,  and  the  extrication  of  the  y^ow 
light  became  more  copious,  by  placmg  a  common  j^idi-lamp 
below  the  burner  of  the  other.     In  order  to  obtain  a  vetj 
strong  light  for  occasional  purposes,  I  connect^  with  the  top 
of  the.  burner  a  frame  of  wire*gauze,  which,  by  inovingveMical- 
ly  round  a  hinge^  or  by  a  motioa  to  oiie  side,  c(»ild  be  placed 
in  a  horizon tsl  position  about  half. an  indb  ab^ve  thd  vrkk^ 
As  soon  as  it  had  become  redrhot,  it  was  made  to  descend  into 
contatt  with  |he  sponge,  when  it  converted  the  alcohol  rapidly 
into  vapour,  and  produced  an  abundant  (Mscharge  of  yellow 
light     See  Plate  XXVIL  Fig.  1. 

If  a  permanently  strong  light  is  required,  I  find  it  preferable 
to  dispense  entirely  with  the  use  of  the  wick,  and  to  allow  the 
diluted  alcohol  to  descend  slowly  from  the  rim  into  the  bot- 
tom 
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torn  of  a  concave  dish  of  platinum,  kept  very  hot  by  a  spirit- 
knnp  placed  beneath^  it  The  bottom  of  the  dish  is  made  with 
is  number  of  projecting  eminences^  in  order  that  the  film  of  fluid 
which  rests  !up<»  it  may  be  exposed  at  many  points  to  the  action 
of  the  heated  surface.  See  Fig.  3.  After  the  lamp  has  burned 
for.sometime,  a  portion  of  unevaporated  water,  mixed  with  a 
small  quantity  of  alcohol,  will  remain  at  the  bottom  of  the 
dish,  in  a  state  imfit  for  combustion..  This  water  may  be  taken 
up  by  a  sponge,  or  it  iiugfat  be  prevented  from  aocumulating, 
by  having  a  fountain  of  pure  alcohol,  from  whidx  the  exhaust* 
ed  strength  of  the  diluted  fluid  could  be  renewed. 

.  The  Mtmochromatie  Lamp  being  thus  completed,  I  lost  no 
time  in  applying  it  to  the  illumination'  of  Microscopic  objects% 
The  effect  which  it  produced  §m  exceeded  my  expectations^ 
The  images  of  the  most  minute  vegetable  structures  were  pre- 
dae  and  distinct,  and  the  vision  in  every  respect  more  perfect 
than  it  cimld  have  been,  had  all  the  lenses  of  the  microscope 
been  made  completely  achromatic  by  the  most  skilful  artist. 
The  errors  which  arise  from  the  diflerent  refrangibility  of 
light,  beii^  removed  firom  microscopical  observations,  I  was 
enabled  to  ralarge  consiiderably  the  aperture  of  the  object- 
glass,  till  the  image  became  sensibly  affected  by  the  errots  of 
spherical  aberration.  In  order  to  diminish  these  as  much  m  pos^ 
sible,  the  object-glass  should  consist  of  an  annular  portion  of  the 
lens  that  gives  a  mbimum  spherical  aberration,  and  while  its 
iBurfacies  are  nicely  centered,  their  common  axis  should  be  ad- 
justed so  as  to  coincide  accurately  with  that  of  the  other  lenses. 
The  optician,  however^  will  probably  be  induced  to  exert  his 
ingenuity  in  the  formation  of  elliptical  and  hyperbolical  lenses, 
which,  since  the  days  of  Dxscaqtbs  and  Hutoens,  have  exist- 
aiooly  in  optical  theories,  and  thus  remove  the  cmly  imper- 
fection which  still  attaches  to  the  microseopei!. 

Independent 
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Independent  of  its  use  in  microscopical  observations^  die 
Monodkromaiic  Lamp  vf ill  find  an  extensive  appliari;ioii. in  va^ 
rious  branches  of  the  arts  and  sciences.  In  certain  cases  of 
imperfect  vision,  where  a  number  of  coloured  images  JE^e 
formed  by  the  separation  of  the  fibres  of  the  crystalline  lens^ 
a  homogeneous  light  will  improve  the  vision,  by  removing 
the  prismatic  tints,  which  obliterate  the  principal  image,  ht 
illuminating  the  wires  of  Transit  Instruments  and  Micro*- 
meters; — ^in  graduating  the  limbs  of  divided  Instruments, 
which  is  generally  done  by  candle-light  ^— in  reading  off  the 
same  divisions  in  fixed  observatories ; — ^in  forming  signals  in 
Trigonometrical  Surveys  ; — in  obtaining  correct  and  unifcmxt 
measures  of  Refractive  Powers ; — in  measuring  the  separation 
of  the  two  pencils  in  Dcnibly-refracting  Crystals ; — ^in  deter- 
Sftining  the  focal  lengths  of  lenses } — ^in  obsaring  various  op- 
tical ph^omena,  whare  the  light  is  decomposed ; — in  these, 
and,  in  general,  in  all  ddicate  works,  where  correct  vim>n  is 
essential,  the  employment  of  a  homogeneous  flame  will  be 
ioxmd  to  confer  the  most  signal  benefits. 

Haviiig  thus  described  the  construction  and  applicatioh  ofthe 
MoHochroTnatic  Lamp,  I  shaU  now  proceed  to  give  a  short  ac^ 
eount  of  the  experiments  which  I  was  led  to  make,  during  this 
enquiry,  on  the  modification  of  the  prismatic  spectrum  by  the 
action  of  differently  coloured  media. 

These  experiments  relate  to  three  different  points  r 

1st  J  To  the  nEianner  in  which  coloured  media  absorb  the  diP 

ferent  portions  of  the  prismatic  spectrum. 
2(/,  To  the  influence  dT  heat  in  modifying  this  absorbent 

power ;  and, 
$dj  To  thfir  determixu^ion  of  the  question,  whether  or  not 
yellow  li^bt  has  a  separ^e  and  independent  existence 
in  the  solar  rays.. 

I.  ft 
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^  1.  Dr  Young  {Phil.  Trans.  1803)  has  long  ago  remarked,  that 

^  the  light  transmitted  by  a  specimen  of  Bhie  glass  exhibited  two 

red  spaces  when  analysed  by  a  prism  ;  but  he  does  not  mention 
'their  relative  intensities.  Among  the  various  kinds  of  blue  glass 
which  I  have  examined,  I  have  found  one,  which,  like  iDr 
Young's,  leaves  two  red  spaces,  or  rather  an  orange-red  and  a 
red  space,  the  rays  which  belonged  to  the  intermediate  portion 
having  be^i  entirely  absorbed,  and  the  least  refrangible  of  the 
red  spaces  beiog  more  luminous  than  the  other.  In  another 
specimen,  the  interior  orange-red  image  was  absorbed  along 
with  the  middle  one,  and  in  a  third  specimen,  the  exterior 
red  image  and  the  middle  one  were  alone  absorbed.  In  all 
these  glasses  the  absorbent  power  attacks  also  the  green  rays 
adjacent  to  the  ri^,  and  leaves  a  greenish-yellow  image,  sepa- 
rated by  a  dark  interval  from  .  the  most  refrangible  green. 
When  light  is  reflected  from  the  blue  oxidated  surface  of  steel, 
the  middle  red  space  is  completely  absorbed,  and  there  remains 
only  of  the  inner  orange-red  space,  a  few  of  the  red  rays  that 
border  upon. the  green  light.  From  these  experiments  it  fol- 
lows, that  blue  glass  attacks  the  spectrum  in  several  points  at 
the  same  time,  and  after  absorbing  all  the  middle  rays,  it  leaves 
'  only  the  extreme  red,  and  the  portions  of  the  blue  and  violet 

^  spaces  which  are  contiguous.     By  increasing  the  thickness  of 

^  the  glass,  however,  the  violet  is  at  last  overpowered,  and  the 

i  red  alone  remains.     The  very  same  phenomena  are  obtained 

by  fluid  media  of  a  blue  colour.     With  some  Blue  glasses, 
however,  the  red  is  overpowered  before  the  violet.    See  Fig.  4., 
i  Nos.  2, 3,  4,  5. 

In  making  a  series  of  analogous  experiments  with  Green  me^ 

\  dia^  I  have  found  that  they  attack  the  spectrum  at  both  ex* 

tremities,  but  the  blu^  end  with  more  force  than  the  red  end. 

By  increasing  the  thickness  of  the  glass,  the  blue  and  red  light 

gradually  diminish,  but  it  is  extremely  difficult  to  jfree  the 

VOL.  IX.  p.  II.  3  k  green 
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green  iiriage  from  these  adbering  tinte.  The  sulfate  of  cop^ 
per^  even  in  thin  laminae^  exerts  a  very  powerful  actioit  over 
(he  red  and  viokt  extremities  of  the  spectrura«  See  Fig.  4i 
Nos.  6^  7,  8. 

In  examining  the  spectrnm  with  YeUov  glasses,  the  Violet^ 
BluCf  and  Green  rays  are  absorbed  in  succession,  and  the  red 
and  yellowish-green  remain  untouched.  By  means  of  a  very 
thin  pli^e  of  native  yeUitw  orpiment^  the  violet,  and  almost  all 
the  Blue  rays  are  absorbed,  while  the  Red,  and  all  the  Green 
are  lefL 

Red  glasses,  tike  those  which  are  Blue,,  do  not  attack  the  op^ 
posiite  extremity  of  the  spectruou  Hiey  first  absorb  the  blue 
lays,  then  the  violet,  then  the*  green  and  yellow  >  and  by  in- 
creasing their  thickness,  the  red  itself  finally  disappears^  A 
red  glass,  with  a  slight  tinge  of  yellow,  absorbed  with  great  avidi- 
ty the  blue  and  green  that  are  ai^yaeeDt  to  one  (mother,  leaving 
Uie  violet  in  full  force,^  and  also  the  greep  adjacent  to  the  red»- 

3L  In  attempting  to  ascertain  the  influence  of  heat  upon  the 
absorbing  power  of  edloured  media,  I  was  surprised  ta  db^ 
serve  that  it  produced  opposite  efiects  upon  different  ^JBtfsea, 
diminisbing  Uie  'absorbent  power  in  <me  case,  and  imrean$g 
itt  in  another. 

Having  brought  to  a  red  heat  a  piece  of  purple  ^ass  tksk 
absorbed  the  greater  part  of  the  Green^  the  Telkm  and  the  m^ 
terior,  or  most  Tefiran^^e  Red^  I  held  it  before  a  strong  lig^ 
ffiid  when  its  red  heat  tad  disiq>peared,  I  observed  diat  the 
transparency  of  the  glass  was  increased,  md  that  it  transmitted 
fteely  the  Oreen^^  the  YeUtm^  and  the  interior  Red^  idl  of  whioli 
it  had  fbrm^rly  in  a  great  measOre  absorbed.  Thia  effect, 
however,  grfKliially  disappeared,  and  it  recoi&ered.ita  fibrnMr 
iribsoribent  power  whea  oompletiely  cdkl. 

.   When  a  yeUcmsh^green  Glass  was  heated  in  a  similar  maii^ 
aer,  .it  lost  its.  transparency  almost  entirely^    In  ceoovedi^.  its 
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gteea  colour,  it  passed  throu^  TsricMis  sluide9  of  olive-green ; 
but  ito  tint,  when  cold,  oontinved  less  green  than  it  did  before 
the  expi^imeBt  A  part,  of  the  ^asa  had  received  in  cooling 
•  polarising  structure,  and  this  part  could  be  easilj  distinguish- 
ad  from  Ae  other  pait  by  s  di£[^»en<»  of  tint. 

'  A' plate  of  deep-red  glam,  which  gave  a  homogeneous  red 
inn^e  of  the  candle,  became  very  opaque  when  heated,  and 
soarody  transmitted  the  light  of  the  candle  after  its  red  heat 
had  aubsided.  It  recovered,  however,  its  transparency  to  a 
certain  degree^  but  when  cold,  it  was  more  opaque  than  the 
piece  from  which  it  was  broken. 

9.  As  k  has  been  conduded  from  Dr  Wollaston^s  experi- 
VtatstiQ  the  prismatic  spectrum,  that  it  consirts  only  <^fi>ur  co^ 
louts,  Red^  Greetij  JSfar  and  Fco^,  thiU;*  pure  white  light  does  not 
oentain  any  yellow  rays  j^-rand  that  when  yellow  does  ^pear 
at  the  boundary  <tf  a  large  white  space  seen  throng  the  prism, 
it  is  a  oompound  light,  consisting  of  Oreen  and  lied  rays  ^,  it  oc# 
eiirwdk  to  me  that  the  aecuaaey  of:  Aese  opinidris  miglrt  be  ex-* 
ajuined  by  nteaos  df  the  abaofbing  nfidia  already  mentionied*: 

I  ^b^rdfore  fon^ed  a  ywy  brilliant  qpeetrum,  from  a  narrow 
aperture;  plaped  bet^/i^ee^i  my  eye  and  the  sun,  and  by  varyinjg 
the  dist^iH^e  pf  the  prisni  from  the  ap^ure,  I  obtained  a  speor 
trami  exai^y  aiipUar  to  that  described  by  Dr  Woll  jjiton  and 
Dr  YouMG^  who  has  adopted  and  illustrated  the  opinions  of  his 
(d^^  respecting  the  composition  oS  white  UghL 
.  Upon  viewing  this  spectrum  tl^ov^h  a  ^iass,  which  absorbed 
the  JRmI  next  the  G^^:^  fMid  also  throii^  a  glass  which  ab- 
sorbed the  Green  next  the  Sed^  I  was  entitled  to  expect  that 
these  portions  of  the  spectram  would  vanish  i  but  instead  of 
this  taking  place,  the  space  from  which  these  colours  were  idi- 
sorbed  was  in  both  cases  occupied  by  Yellow  light,  which  was 

3x2  not 

•  Dr  THOMAa  Youko's  Ledurei  on  Naiural  PhOotOfky^  toL  I  p.  188. 
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not  only  bright,  but  well  defined  in  its  boundaries.  Tliis  dis- 
tinct exhibition  of  the  yellow  space,  establidied  beyond  a 
doubt  its  existence  in  the  spectrum,  and  may  be  considered  as 
proving,  in  a  very  convincing  manner,  that  the  Red  and  Green 
spaces,  at  the  place  where  they  come  in  oontact,  consist  of  Bed 
and  Green  rays,  respectively  mixed  with  yellow  rays  of  the 
same  refrangibility.  The  Yettow  light,  therefore,  of  the  sodar 
rays,  instead  of  occupying  a  separate  place  in  the  spectrum-, 
has  its  most  refrangible  rays  mixed  with  green  light  of  equal 
refrangibility,  and  its  leMt  refrangible  rays  mixed  with  red 
light  of  equal  refrangibility. 

In  order  to  ascertain  whether  or  not  the  yellow  homogene- 
ous light  produced  by  imperfect  combustion,  occupied  the 
same  place  in  the  spectrum  with  the  yellow  light,  which  re- 
mains after  the  absorption  of  part  of  the  red  and  green  spaces^ 
I  formed  a  spectrum  like  Dr  Wollaston's,  from  the  dame  of  a 
candle,  as  shewn  at  A£,  Plate  XXVIL  Fig.  3.  I  then  put  some 
salt  into  the  wick,  for  the  purpose  of  producing  a  considerable 
portion  of  yellow  light,  which  affected  principally  the  margin  of 
the  upper  and  lower  part  of  the  flame,  and  I  again  observed  the 
spectrum,  when  I  found  that  the  yellow  light  occupied  the  posi- 
tion at  B  6,  so  as  to  cover  a  part  both  of  the  green  and  the  red 
space ;  the  part  of  the  green  space  occupied  by  the  yellow  light, 
bNsing  to  that  of  the  red  spaces  occupied  by  it  nearly  as  3  to  1. 
From  these  experiments,  we  are  entitled  to  conclude,  not  on- 
ly that  yellow  light  has  an  independent  existence  in  the  spec- 
trunij  when  formed  from  any  kind  of  white  light ;  but  that  the 
prism  is  incapable  of  decomposing  that  part  of  the  spectrum 
xiehich  it  occupies. 

EXPLA. 
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EXPLANATION  OF  PLATE  XXVII. 

Fig.  L  Represents  one  form  of  the  Monochromatic  Lamp,  where  A  is  the  reser- 
voir containing  the  diluted  alcohol,  which  descends  by  the  channel  ABCD 
to  the  broad  wick  E,  which  is  generally  made  of  sponge.  A  frame  of 
wire-gauze  F  moves  round  a  hinge  H,  so  that  it  can  be  brought  over 
the  flame,  and  made  to  descend,  when  hot,  upon  the  surface  of  the  wide. 
Excellent  wicks  may  be  made  with  concentric  cylinders  of  thin  mica^  or 
of  platinum  foil. 
Fig.  2.  Is  another  form  of  the  Lamp,  mthaui  a  wick^  in  which  the  diluted  al- 
o^ol  is  burned  in  a  flat  platinum  or  metallic  dish  MN,  which  may  be 
made  to  have  a  slight  spontaneous  oscillatory  motion,  for  the  purpose  of 
bringing  the  fluid  over  the  heated  projections  of  the  platinum.  A  com- 
mon spirit  lamp  OP,  inclosed  in  a  case,  is  placed  below  the  platinum 
dish  MN,  in  order  to  produce  suflicient  heat  for  throwing  oS  the  vapour 
from  the  diluted  alcohol. 

A  chimney,  or  a  cylinder,  of  pale  yellow  glass  may  be  placed  round  the 
flame,  if  it  should  be  thought  of  any  consequence  to  absorb  the  small  por- 
tion of  blue  light  which  accompanies  the  yeUow  flame. 
Fig.  3.  Represents  the  method  of  finding  the  portion  of  the  Yelkm  space  in  the 

spectram. 
Fig.  4.  Represents  the  various  ways  in  which  the  prismatic  spectrum  is  attacked 
by  the  absorbent  action  of  differently  coloured  glasses,  as  described  in  the 
paper. 
No.  1.  Represents  the  prisn^atic  spectrum  as  described  by  Dr  WoUaston. 
No.  2.  Represents  the  efiect  produced  by  viewmg  the  spectrum  through  a  blue 
glass,  like  that  used  by  Dr  Young.     The  spectrum  is  attacked  at 
a,  £,  c ;  a  portion  of  the  middle  of  the  Red  space  being  destroyed  at  a, 
a  portion  of  the  Red  and  Greeny  disclosing  the  YeUow  at  6,  and  a  por- 
tion of  the  Violet  being  destroyed  at  c. 
No.  S.  Shews  the  effect  of  a  different  kind  of  blue  glass,  which  destroys  the  in- 
ner  portion  of  the  i?ed  space  at  a,  alesspordon  of  the  Violet  ate,  and  a 
greater  portion  of  the  Green  at  6 ;  the  disclosed  Yellow  being  now  of  a 
different  hue* 
No.  4.  Shews  the  effect  prodticed  by  the  Bhieghases  at  No.  2.  and  No.  3.  com- 
bined.    The  spectrum  is  now  attacked  at  a  fourth  point,  viz.  the  com- 
mencement of  the  Blue  space  at  c,  and  the  Yellow  is  rendered  less  bril- 
liant.     By  increasing  the  thickness  of  these  plates  of  blue  glass,  the 
^^*gy  YeUow  part  vanishes,  then  the  Green^  as  in  No.  6.,  then  the 
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Bhief  and,  last  of  all,  the  Indigo;  m  that  the  oombiiiatioBi of  Uue 
glasses  have  now  the  effect  of  Red  {passes. 

No.  5.  Shews  the  effect  of  inereaoiig  the  Blue  glasKs  in  No.  4.  to  a  ootaia 
thickness. 

No.  6.  Shews  the  effect  of  a  SJetf-Ntu'  paste^  which  reflects  niost  copiously  the 
Blue  light  The  whole  spectrum  is  destroyed  excepting  the  extmemeBcid^ 

No.  7.    Represents  the  effect  produced  by  a  great  thickness  of  Green  glas&. 

No.  8.  Sulphate  of  copper,  which  is  bluish-green^  both  in  the  solid  state  and  in 
the  stale  of  a  solution,  leaws  unabaorbed  a  great  quantity  of  Ydknr 
light,  which  may  be  rendered  tolerably  homogeneous  by  meani  of  a 
fttle  Yellow  glass.  The  figure  shews  its  effeet  in  Attiicking  the  Red  and 
Violet  ends  of  the  spectrum^  a  portion  of  blm  and  red  being  left. 

No.  9.  Shews  the  eflect  of  a  greater  thick  ness  of  Sulphate  of  copper,  in  absofhing 
all  the  Redj  and  leaving  a  Grcefmh^r^elloWj  with  an  adhering  margla«f 
NtiC  light 

No.  10.  Shews  the  influence  of  a  thick  plate  of  YeUofwishr-red  glai^  in  absorlnDg 
all  the  blue^  and  part  of  the  ^eai^  leaving  the  vioki  slightly  afeded. 

No,  11.  Represents  the  angular  effect  pr^iduced  by  a  solution  of  Lake,  Tbert 
are  here  two  greenSf  and  an  effect  is  produced  at  the  boundary  of  the 
r«t2  and  ^7V0n  space. 

Vo.  12.  Repiesentsthee^eclef  athidkffeceof  fine  Jtdd^ZtMyOofeured^ 

and  also  of  a  piece  of  stained  glass,  which  I  aPind  in  the  Abbqr  ^ 
Konigtfelden^in  the  canton  of  Berne.  The  sanip  effect  is  produced  by 
common  red  ink,  and  by  a  solution  of  beet-root  in  vinegar. 

No.  IS.  Shews  the  action  of  an  opaline  milky-white  ^ass  upon  the  most  refirsa. 
giUe  half  of  the  spectrum. 

Na  14.  Shews  the  eflfect  of  a  certain  thickness  of  naHvejfM^  Ofpimeni* 

Nob  10.  Shews  the  effect  ol  a  red  glass  combined  with  yellowish-green  and  bluish* 
green  glasses.    The  yeUow  is  mucfc  mwe  copious  and^ 
the  red  glass  is  combined  with  a  certain  thickness  of 
par*  bill  il  is  thea  fiinged  with  a  narrow  mar jpn  of 
and  of  Gfeen  on  the  other. 

No.  16.  By  comKnii^g  with  the  same  red  ^ass  a  thidcer  j^ate  of  sulphate  of  cop* 
fer^  the  jfeOowhecomeB green;  and  by  a  thicker  plate  stilly  the  cokNir 
becomes  bhie^  as  in  the  figure. 
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XXXL— On  the  Absorption  of  Light  hy  Coloured  Media,  and 
on  the  Colours  of  the  Prismatic  Spectrum  exhibited  by  cer- 
tain Flames;  with  an  Account  of  a  ready  Mode  of  deter  - 
mining  the  absolute  dispersive  Power  of  any  Medium^  by 
direct  experiment.  By  J.  F.  W.  Heeschsl,  Esq.  F.  R.  £L 
LoND»  &  Edin*    In  a  Letter  to  Dr  B&ewster. 


CRead  November  18. 1S22.) 

Mt  dear  SlBy 

I^  jnLS  I  see  by  a  notice  in  your  Jouma!,  Na  13.^.  which  bas^ 
just  reached  my  hands,  that  your  attention  has  been  occupied 
by  the  phenomena  of  G>loured  flames,  and  the  Absorption  of 
Coloured  Light  by  Diaphanous  Bodies ;  and  that  you  have 
been  successful  in  the  very  valuable  discovery  of  a  manageable 
fiame^  discharging  a  homogeneous  yellow  light  of  an  inva- 
riable character,  I  shall  perhaps  be  excused,  while  the  contents 
of  your  paper  are  unknown  to  me  more  particularly,  for  sta- 
ting some  phenomena  which  I  have  myself  observed,  relative 
to  this  highly  interesting  department  of  physical  optics. 

2.  In  the  course  of  my  experiments  in  1819,  on  the  scale 
of  tints  developed  by  different  crystals  in  polarised  light,  ha- 
ving frequent  occasion  to  measure  the  diameter  of  the  rings  of 
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different  homogeneous  colours,  I  naturally  had  recourse  to  the 
prismatic  spectrum ;  but  soon  finding  the  extreme  difficulty  of 
procuring  a  tolerably  homogeneous  ray  by  this  means,  owing 
to  the  sun's  diameter,  the  irradiation  of  the  sky,  and  the  im- 
perfections of  prisms,  not  to  speak  of  the  mobility  of  the  spec- 
trum, being  then  unprovided  with  a  hdiostat,  I  b^an  to  study 
the  resources  afforded  by  transparent  coloured  media,  in  hopes 
that  I  might  discover  some,  whose  limits  of  transmission,  either 
singly  or  combined,  might  be  such  as  to  allow  the  passage  of 
rays  only  within  very  narrow  limits  of  refrangibility.  In  this 
examination  I  immediately  encountered  the  singular  pheno- 
mena, noticed,  1  believe,  first  by  Dr  Young,  of  an  almost  to- 
tal obliteration  of  some  of  the  colpurs  l^yc^rtaiu  glasQes,  while 
others  intermediate  between,  or  sharply  bordering  on  those 
obliterated,  appeared  to  be  transmitted  in  all  their  brilliancy, 
thus  producing  an  image  (when  a  narrow  luminous  line  is 
examined  with  a  prism,  and  soch  a  coloured  glass),  not  con- 
sisting of  a  broad  band  of  gradually  varying  colour,  but  an  as- 
semblage of  more  or  less  sharply  defined  coloured  streaks  of 
different  breadths  and  colours,  separated  by  intervals,  in  some 
cases  absolutely  black, — in  others  only  feebly  illuminated. 
This  singularity  gave  me  strong  hopes  of  success  in  the  object 
of  my  inquiries,  and  I  was  not  wholly  disappointed. 

3.  Among  the  first  specimens  of  glass  which  occurred  to  me, 

were  a  disc  of  bright  ruby-red  glass,  from  an  ancient  window, 

^  and  a  quantity  of  deep-blue  glass,  with  a  sensible  tinge  of 

purple,  which  is  manufactured  in  large  quantities  for  sugar- 
basins,  finger-glasses,  &c.,  and  is  one  of  the  most  common 
of  the  coloured  glasses.  The  former  permitted  to  pass  almost 
the  whole  red,  and  a  considerable  portion  of  the  orange ;  while, 
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in  strong  lights,  a  sensible  quantity  of  yellow,  and  even  a 
leeble  trace  of  green,  might  be  perceived  If  we  conceive  the 
abscissa  RV,  Plate  XXVIIL  Fig.  1.  to  represent  the  prisma- 
^c  spectrum,  and  erect  an  ordinate  at  every  point,  propor- 
tional to  the  number  of  rays,  out  of  any  given  quantity^  of  the 
corraspondifig  refrangibility  the  medium  is  capable  of  trans- 
mitting, its  extremity  will  have  for  its  locus  a  curve  of  the 
form  roygj  which,  for  brevity's  sake,  I  will  call  the  typeoi 
thb  medium ;  the  type  of  a  colourless  medium  being  the 
strai^t  line  MN,  parallel  to  the  alracissa. 

4.  Let  /  be  the  thickness  of  any  homogeneous  medium,  or 
the  number  of  colorific  molecules,  of  equal  absorbent  powers, 
traversed  by  a  ray  in  its  passage  through  it ;  and  let'C  repre- 
sent the  intensity  of  a  ray  of  any  given  refrangibility,  at  its 
first  intromission,  y  being  the  ratio  of  its  intensity,  after  tra- 
versing a  thickness  equal  to  unity,  to  its  original  intensity  C 
Then  will 

C+C+  Cr  +  &c.,  or  S  {C} 

fixHD  one  end  of  the  spectrum  to  the  other,  represent  the  tint 
and  intensity  of  the  ray  at  its  intromission,  while  its  cfaarac- 
ter,  aft»  travosi^g  the  tJiidtuiess  ^,  will  be 

Gy'  +  C^l/'  +  CrV^  +  &C.,  =  S  {  Qy'  Y 

It  would  appear,  at  first  sight,  that  the  efiect  of  doubling  or 
tripling  the  thickness  of  any  coloured  medium,  would  simply 
be  to  increase  the  depth  and  intensity  of  the  tint,  but  not  to 
alter  its  character.  If  a  white  object  appear  blue  through  a 
blue  glass,  we  diould  expect  it  to  appear  still  bluer  through 
two,  and  yet  more  so  through  three  such  glasses.  The  above 
formula  shews,  however,  that  this  is  so  fiur  firom  being  the  case, 
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that  the  tint  of  the  emergent  pencil  is  estentially  dependent 
on  the  thickneiis  of  the  medium,  and  that  it  is  only  from  a 
knowledge  of  the  relative  Values  of  y,  i/j  &c.  in  the  varioutt 
parts  of  the  spectrum,  that  we  can  say,  a  priori^  whether  the 
tint  of  a  thick  glass  will  retain  any  similarity  to  that  of  a  thin 
one  of  the  same  kind.    It  is  evident  that,  y  being  necessarily  a 
fhu^tion  less  than  unity,  the  values  oiy\  y  \  &c.  witloil  diminish, 
with  an  increase  in  that  of/.    Those  terms,  howevtt*,  in  winch 
y  is  smallest,  will  decrease  most  rapidly,  and,  however  trifling 
may  be  the  difference  in  this  respect,  it  is  always  possible  to 
render  its  effect  sensible  on  the  tint,  by  taking  t  sufficiently 
large.     TTius  the  water  of  the  Lake  of  Geneva  is  indigo-blue, 
that  of  the  Lake  of  Ckrnio  emerald-green,  when  viewed  through 
a  considerable  thickness,  though  colourless  in  snfall  quantitl«s. 
If  (as  is  very  common)  liie  value  of  y  should  have  two  une** 
qtml  maxima^  in  different  parts  of  the  spectrvm,  and  if,  at  the 
secme  time,  the  greater  of  these  should  happen  to  <xMrr©8- 
pond  to  a  ray  of  feebler  illuminating  power  than  the  less,  the 
tint,  in  small  thicknesses  of  the  meditmit  will  (generally  speak- 
ing) be  that  of  the  lesser  maximum^  the  greater  vividness  of 
fihesd  »a)^  giving  thetn  ^a  predotninanee  ov6r  theotliPdrS)  liiMi|^ 
mon^  ^lumet^ous  ^  Jrat  bs  ^s  ineqtmlity  of  tmmfoer  im^reaoM 
with  the  increase  of  ditokfiass^  1^  ieebler  jfmyt  m&i  at  lengdi 
begin  to  influence  the  tint,  and  finally  obtain  the  predomi- 
nance ;  (ftius  producing,  in  several  cases,  a  complete  change  of 
colour^  not  a  little  -augyising  to-  those  ivho  are  j^oiant  of  its 
causei    Dr  THOJwaoys  muriated  liquor  (chlori^^  of  'Sulphur)^ 
which  is  yellowishTgreen  in  v^y -smaU  Xhicknesses^  and  l>right 
i:ed  in  considerable  onea^  is  a  case  in  '{K>int.    A  aolutian  ,of 
sfi^grften.^iresents  tlie  same  phenomenon  yet  ])(U)re  atcikiif^* 
)y.    if  indosed  betwoeti  glaasrpl^tes  sljglxtly  inclined,  so  as  i» 
^rm  a  thin  we4g[^  ita  cohvc  towjuds  the  ^ed^^e  will  jy|]|jpe$Hr 
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^ecald-greeil)  and  towards  tbe  back  blood-i^  pasttng  in  the 
iDtennediate  thicknesses  thfoug^  a  kind  c^tivid  n^iAral  tint. 

5.  Tbe  blue  glass  above  menticuBed  e^^bibits  tbia  dbaage  «f 
tint  in  a  vevy  nuurked;  BMuuser/  When  a  piece  oS  th«  thickness 
<X042  inch  was  employed,  it  s^xacated  the  Ted  portiofii  of  tbe 
spectrwxi  into  two;  the  least  refracted  beiPDg  a  weU-defined 
band  of  perfectly  homogeneous .  and  {Hirely  red  light,  and  se*- 
parated  from  tbe  other  red  by  a  band  of  considerable  breadth, 
aod  totally  black.  T|^s  lattef  red  waa  nearly  booiogcneouB  ; 
it&  tint,  however,  di^ring  in  no  respe«t  from  the  former,  and 
being  £ree  from  the  slightest  tingp  of  oraaoga  Ita  plfiee  in  tlue 
speetrum  ia  such,  that  its  most  refrapled  limk  e^iaptly  cosoes- 
up  to  that  remsrk^le  blaek  line  which  Dc  .Woli^iston  obser- 
ved s^Mraitii^  the  led  from-  tbe  yellow  in  the  sqlar  sp^etmm. 
A  small  sharp  black  line  separated  this  red  from  the  yellow,, 
which  was  a  pretty-well  defined  band  of  great  brilliancy  and 
.  purity  of  cQdow,  of  »  bmadtb'  exceeding  that  of  the  first  r?d, 
and  boupded  on  the  ^fim  side  by  a  dark,  but  mA  quite  U«db 
interval.  T\m  green  itsf^f  was,  dull,  aiul  iU  defined ;  but  the 
blue  and  vMkt  seemed  to^  be  Ownwutt^  with  very  little  loss.. 
The. type  of  tbis-glass  i«  as  in  fig.  % 

A  ^bld  tbicknes«  0OuCll94  in.)  i^itemted  tb^  teo^ftd  rsd^ 
but  left  tbe  ficst  w»ip]ayair,»d.  The  yfUpw  was  grently  9^/- 
tabled,  and  aome^Rhat  redwzed  ioL  bi»»dtb,  Md  tenniiiatai  on 
t;be,sidt  of  the  g^ow. b^  a  b)a«k  haqd*.  99wl  vpl jttfwid^to ii^ 
s«l£  Tbp : gfeen  4dsa inm ^lAneifg^ ^mM^h^tlmt  the ld«e 
kss  so,  and.  tb«^  v^plM  remaiited  wtrly.  m  become.  Xbe:  mm, 
Fi»^««bibj«i  th^ t]^  oCt¥»  thM^pmt«C t|i9g|lMs.  Jjut^ 
Ijf^  Wbea  a  geer^  mvfiit  tbi<*JB?PtearoC  in  pwp.  Wd  H^gfdim^^ 
tbeexirem«<  »edao4  ^NUiHrmh/^m^PmmMtm^wAi^ 
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The  facility  with  which  the  extreme  red  ray  is  transmitted 
by  this  glass,  in  comparison  with  the  rays  of  intermediate  re- 
frangibility,  produces  a  change  in  the  general  hue  of  the  glass 
corresponding  to  its  thickness.  In  small  thicknesses  it  ap- 
pears purely  blue  ;  but  as  its  thickness  is  increased,  a  purple 
tinge  comes  on,  which  becomes  more  and  more  ruddy,  and, 
finally,  passes  to  deep-red,  a  great  thickness  being,  however, 
required  to  produce  this  effect. 

6.  On  the  oth^r  band,  a  glass  of  a  rich  ruddy  purple  was 
found  to  have  its  type,  as  in  Fig.  5.  The  curve  1  correspond- 
ing to  a  thickness  0.065  in. ;  2  to  a  thickness  0.086 ;  and  3,  in 
which  the  least  refrangible  rays  are  almost  entirely  obliterated, 
to  their  sum.  In  consequence  of  this,  the  tint  of  the  glass 
loses  its  ruddy  hue,  by  an  increase  o£  thickness,  and  passes  to 
a  fine  violets 

7.  The  extreme  red  light,  transmitted  with  such  &ctlity  by 
the  glass  described  in  Art  6.,  is  copiously  absorbed  by  this. 
The  species  of  light  alluded  to  is  remarkable,  fint^  for  its  per- 
fect homogeneity  ;  and,  secondly^  for  its  position  in  the  spec- 
trum. When  the  solar  spectrum  received  on  a  white  paper  in 
a  darkened  room,  is  viewed  through  a  moderate  thickness 
(0.08)  of  that  glass  (of  Art  6.)  cemented  to  any  red  glass  of  a 
tolerably  pure  colour,  it  will  be  seen  reduced  to  a  perfectly  cir- 
cular and  well-defined  image,  of  a  deep^red  colour.  If  a  pin 
be  now  stuck  in  the  centre  of  the  red  circle,  it  will  be  found, 
on  removing  the  glass  from  the  eye,  to  have  been  fixed  in 
what  an  ordinary  observer  would  call  the  very  farthest  tennina' 
tkm  of  the  red  rays,  and  a  mark  similarly  made  at  its  circum- 
ference will  appear  to  lie  wholly  without  the  spectrum  among 
the  dispersed  light  which  usually  hangs  about  its  edges,    l^ 
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Other  words  the  red,  thus  insulated,  is  of  too  feeble  ah  illutai- 
nating  power  to  affect  the  sight  in  the  immediate  vicinity  of 
the  other  more  brilliant  rays,  and  only  becomes  visible  when 
they  are  ectinguished,  or  greatly  enfeebled.  To  an  eye  defended 
by  such  a  glass,  vision,  through  a  prism  with  the  largest  re- 
fotcting  angle,  is  as  sharp,  and  the  outlines  of  minute  objects 
as  free  from  nebulosity  and  indistinctness,  as  if  the  rays  had 
suffered  no  refraction.     These  characters, — the  absolute  ho- 
mogeneity of  the  rays, — their  situation  precisely  at  the  least  • 
refracted  limit  of  the  spectrum,  and  the  facility  with  whiclr 
they  may  be  insulated,  render  th^n  of  peculiar  importance  as 
standards  of  comparison  in  optical  experiments.    I  shall  in  fii* 
ture  always  be  understood  to  speak  of  these,  when  I  use  the 
expression  extreme  red  rays.. 

8*  Almost  analogous  in  its  type  ta  that  of  Figures  2,  S^ 
and  4.,  but  differing  from  it  in  a  higher  degree  of  insulatioiK 
of  the  yellow  rays,  is  a  species  common  enough  in  ancient 
windows.  Its  tint  is  a  blue,  much  less  vivid  than  the  blue  glass 
above  mentioned,  and  bordering  rather  on  grey  or  slate  co- 
lour. A  thickness  0.184  in.  of  this  glass,  is  sufficient  to  pro- 
duce a  very  ^larp  termination  of  the  yellow  band  on  the  least 
refrangible  side,  and  almost  to  obliterate  the  green.  The  yel- 
low  portion  of  the  spectrum  is  thus  placed  in  the  clearest  evi- 
dence. It  is  of  great  brightness,  and  by  no  means  that  almost 
infinitesimal  line  which  Dr  Young  seems  to  have  regarded  it ; 
its  breadth  being  nei^ly  ^th  of  the  interval  between  the  red 
and  blue  parts  of  the  spectrum.  By  the  aid  of  this  glass, 
^I  have  succeeded  in  insulating  a  ydilow  ray  of  considerable 
strength,  cutting  off  the  more  refrangible  add  of  the  spectrum 
by  a  yellow  or  light-brown  glass,  and  the  less  by  a  bluish-green 
€iie,  and,  though  not  quite  homogeneous^  having  still  an  ad- 
hering; 
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hering  fringe  of  green*    It  is  quite  sufficient  for  etperimeiiti  of 

ordinary  delicacy, 

9.  It  h  needless  to  detail  the  nmnenms  eipcrimenla  I  ham 
made  with  glasses  of  different  shades ;  but  it  may  not  be  amisa 
to  mention  in  a  general  way^  the  effect  of  prismatic  anal^rm 
on  the  tints  of  moat  usual  occurreoee  in  cokMiTed  media*  Red,i 
scarlet^  orange,  and  brown  coloured  media^  with  all  the  shades, 
of  yellow,  such  as  glasses  of  the  above^mentiDned  hnes^  Port 
wine,  infusion  of  saffron,  vegetable  bines  turned  red  l^  adds, 
brandy,  India  soy,  permuriate  of  iron^  muriate  of  gold,  8dc  &c. 
act  by  extinguishing  the  violet  end  of  the  specftram.  with  pecu^ 
liar  energy,  and  their  type  has  the  general  character  of  fig.  1. 
In  consequence,  they  all  become  red  by  incieaae  of  fthidiMas^ 
and  some  of  them  (as  Fort  wine  of  a  good  colour),  may  be 
used  to  insulate  the  extreme  red  in  a  hi^  degroe  <if  purity 
and  abundance 

10.  Among  green  medi%  we  may  djatinguish  those  kx  wiueb 
the  type  has  a  mmdmnm  ordinate  coffeSpondfixig  to  soip^e  part 
of  the  green  rays  (as  in  Fig.  6.),  ebd  whose  htt^  in  coMep 
quence,  becomes  more  purely  greeR  by  aft  imotmae  of  tUwfcr 
ness.  Of  this  kind  are  most  green  g)a$se6|  green  selatiiNM  ef 
copper,  nickel,  &c.  These  absorb  both  the  e&titm^lies  <i£  the 
spectrum  ;  the  red,  with  greater  energyi  if  the  tk)t  Ve^g^a  te 
blue,  but  the  violet  if  to  a  yellow.  Besiiies  thesM,  febmreKtt, 
are  to  be  remarked  media  in  which  the  iyf(9  hm  twft  mirftwn^ 
one  corresponding  to  the  red,  aod  eine  to  the  grem:  rajH»  a^iat 
Fig.  7.  In  most  of  these  the  gteflo:  nmmttm  khmthm^ 
red,  and  in  consequence  the  tint,  tm  aft  inareaaeiof  thinliinesij 
passes  from  green,  thKmgh  a  dirty  mviUil  hwi^Mm^  i» 
Among  these  itpiirious  greens,  the '  aqueous,  aekifionf*^ 
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green  has  already  been  noticed*  The  tinctore  coUraoted  from 
the  petals  of  the  common  red  peony  (P^onia  qfidnaiis)^  by 
a  weak  solution  of  carbonate  of  potash,  is  a  yet  more  iKtriking 
example  of  tkte  same  phenomenon,  to  which  y»e  may  add  the 
dailL-<x>loured  liqiiid  foraaed  by  impr^nating  a  soiatioii  of  fiid* 
phat  of  iron  witii  pitroas  gas,  and  various  mixtunes^f  md  and 
blue,  ^fr  green  media*  In  a  gMen  mludon  of  manganesiate  lof 
petaA  (Chwnde^  mnerul)^  the  masima  oorrespoiid  likemse 
fio  tbe  extreme  red,  and  the  gr^n  j  but  the  absorbing  power  on 
these  two  rays  Wn^  nearly  equal,  the  cAiange  of  tint  does  tiot 
take  place.  <  In  an  aqueous  infoiion  af  logwood,  die  type  haa, 
m^  \\ke  manner,  two  maxima,  oorreaponding  to  the  red  and 
^^een ;  but  ihe  former  is  alwaj^  prodominent,  and  the  only 
change  of  cdtour  it  imdergoes  by  ^robange  of  thicksets,  is  from 
a  ruddy  purple  M>  a  ^aep-^red. 

11.  Among  blue  media  we  Vfivy  in  like  ^manoeff  £^tiiigiii$h« 
such  as  absorb  the  spectrum  with  an  energy  regularly  increas* 
ing,  firom  the  more  to  the  less  T^finngtble  extremity  (whose 
type  in  <^ohseq^6nce  4s  as  «i  Pig«  8.),  and  those  whose  t^Fpcs 
ha^  ether  ma^ittma,  as  In  Fig,  %  Bhie  soloiioni  of  laopper  ate 
kf  tlie^fbi'ftier^asey^nd^tlM  best4»at»iple,perhiap8,  is  thejiemi^ 
\jSiA  \Av^  Kquld  produced  irf  liiisse^feing  carbonate  of  xsopper  in 
carbdnate  o£  amtaonia,  w  euFpersattiMiing  any  ^coppeow  sdt 
tHVh<<he  ammontkost  ^eatlbfonate.  The  e&treme  <?iolet  say^seeme 
capfft))6  of  penetra^ng  tbrodg^  aftmcttt  apy  4iad:nesB  of  this 
meffium  ;  ^nd-  O^  pf6qpfeity,  jwlied  to  the  uoait^able  nature 
of  tlie  aoktion-,  HMsrd  ^  hxAWbj^  ^  4*0  pMpKratkm,  vender  it  a 
valuable -resouree  in  opN^d^  ^fxpeAmtssiliu;  \  amd  a  tube  ofnome 
inches  in  length,  closed  at  the  ends  with  glass-plates,  and  filled 
«teh  IftSs^dtttii^,  464ikie  4nst»mMtif;  I  ^"mi/^^uifUy  in  ettpe- 
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riments  on  the  vldd;  end  of  the  s{)eetnim.    I  have  met  witk 
no  coloured  glass  possessing  a  similar  character. 

A  solution  of  oxalate  of  nickel  (free  firom  cobalt)  in  ammo- 
nia, may  at  first  sight  be  mistaken  for  the  ammonlo-carbonatQ 
of  copper  just  mentioned.  When  set  side  by  side  with  it, 
however,  it  is  characterised  by  the  greater  purity  of  its  blue, 
which  amounts  to  an  indigo  tint,  while  the  oipreous  sdlution, 
owing  to  the  exc^  of  the  violet  rays,  has  a  strong  blush  of 
violet  Examined  with  a  prism,  the  solution  of  nickel  is 
found  to  absorb  the  most  refrangible  red,  ihe  ydlow,  gcB&n^ 
and  extreme  violet  rays,  with  peculiar  energy ;  but,  what  is  re- 
markable, the  extreme  red  rays  are  transmitted  by  it  with  fa- 
cility, and  with  their  usual  definite  character.  Their  illumi- 
nating  power  is  too  fedble,  however,  to  affect  the  tint  of  the 
liquid,  and  in  very  great  thicknesses  they  are  absorbed,  leaving 
only  an  image  on  the  confines  of  ihe  blue  and  violet  The 
type  of  this  medium  is  as  in  Fig.  9.    ^ 

12.  The  yellow  rays  are  absorbed  with  peculiar  enogy  by 
most  purple  media,  but  by  none  more  decidedly  than  by  a  so- 
lution of  archil  This  liquid,  in  small  thicknesses,  b  of  a  neu- 
tral purple  hue,  but  becomes  more  ruddy  by  an  increase  of 
thidmess,  and  soon  passes  to  the  deepest  reid.  (See  Fig.  l(k) 
On  the  other  hand,  the  various  shades  of  purple,  whlck  pass 
<m  one  side  into  rose-colour,  peach-blossom|  and  crimaon,  and 
on  the  other  into  plum-colour  and  violet,  arise  firom  a  mtni- 
nmn  of  the  spectram  in  the  space  occupied  by  the  grem  rays. 
The  various  shades  of  purple  passes,  the  acid  and  alkaline  so* 
lutions  of  cobalt,  &c.  i^ord  examples  of  this  mimfrnm. 

18.  Hitherto  I  have  supposed  the  illumination  employed 
to  be  that  of  solar  light,  or  ordinary  day-light,  and  the  above 
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results  are  of  course  influeoced  by  the  peculiar  character  of 
tills  hght,  as  those  rays  which  the  sun  does  not  emit,  or  emits 
but  sjMMingly  (as  in  the  confines  of  the  red  and  yellow),  can- 
not be  found  in  the  transmitted  beam,  however  well  disposed 
the  medium  may  be  to  give  them  passage.  These  rays^  how- 
ever, may  exist  in  light  from  other  sources,  as  starlight,  elec- 
trical or  phosphorescent  light,,  or  that  of  flames,. which  differ 
extremely  in  their  types  when  examined  with  the  prism,  and 
that  in  a  maimer  the  most  capricious  imaginable.  I  shall  here 
set  down  a  few  examples  of  remarkable  flames  which  I  have 
observed. 

Sulphur,  when  burning  with  its  usual  feeble  flame,  emits  ^ 
the  rays,  but  principally  the  violet  and  blue.  When  the  in- 
flammation is  violent,  however  (as  when  a  piece  of  sulphur  is 
thrown  into  a  white-hot  crucible),  the  light  emitted  is  perfect- 
ly homogeneous,  being  a  pure,  brilliant  yellow,  and  of  a  re- 
frangibility  so  strictly  definite,  that  all  the  minute  flickerings 
of  its  flame,  seen  through  a  prism  of  the  largest  refracting 
angle,  appear  as  sharply  defined,  and  free  from  nebulosity,  as 
when  viewed  with  the  naked  ejre.  As  the  violence  of  the  in- 
flammation abates,  a  faint  train  of  green  and  momentary  red 
spectra  appears. 

To  insure  a  regular  and  violent  inflammation  of  the  sulphur, 
I  attempted  to  burn  it  with  nitre,  but  the  definite  character  of 
the  flame  was  now  lost,  other  colours  coming  in,  and,  in  parti- 
cular, two  red  spectra,  sharply  separated  from  the  yellow  and 
each  other,  as  in  Fig.  11.,  in  which  the  dotted  curves  repre- 
sent the  additional  portions  of  the  type  arising  from  the  nitre. 

14b  The  flame  of  alcohol  (a  common  spirit-lamp),  consists 
of  two  portions,— ra  cone  of  yellow  flame,  inclosed  in  a  shell  or 
envelope  of  blue^  but  projecting  i^ve  it,  like  an  acorn  from 
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its  cup,  or,  rather^  like  a  rose-bud  from  its  envAcprng  csiyx. 
llie  yellow  cone  extends  only  about  two-thirds  of  the  way 
down ;  and  the  bottom,  or  purely  blue  portion  of  the  flaaie, 
emits  no  yellow  rays ;  its  type,  when  examined  with  the  prism, 
being  as  in  Fig.  12.^  consisting  of  an  ill*defined  train  o£'  red,  s 
bright  but  undefined  green,  with  masses  of  blue  and  violet 
light  varying  In  their  character.  The  middle  pordon  of  the 
f!am6,  whose  light  emanates^  at  once  from  the  blu^  envelope 
and  the  yellow  ccme,  has  tiie  4same  type,  with  dK  addttkm  of  a 
bright  yellow  spectrum,  as  mark^  by  the  dotted  Kne  in 
Fig.  12.,  while  the  upper  portion  of  the  flame  consists  of  light 
perfectly  homogeneous,  and  corresponding  to  the  less  refiran- 
gible  portion  of  the  yellow,  as  dencrted  by  the  d(rfted  line 
alone.  Its  tint  is  visibly  mpre  indiaixig  to  oraiige  than  that 
of  the  yellow  in  the  solar  beam,  and  it  is  extremely  enfedbled 
by  the  interposiiion  of  the  glass  desi^tbed  in  Art.  &,  which 
transmits  the  latter  so  readily;   \     ...    j 

If  the  flanie  of  a  spirit-lamp  be  viewed  throBgh  a  glass  con- 
sisting of  a  pale-orange  andia  pale^green  dne,;cem«ited  toge- 
ther, the  lij^t  transihitted  is  hoihogeneous,  and  i£  inclosed  in 
a  Ian  thorn  of  such  combined,  glass,  may  be  used  as  a  memo- 
chromatic  lamp. 

15*  The  tinges  giv^  to  the  flame  of  aslcohol  fayi  dcfiereot  ssr 
line  combinations  are  wdl  known,  but  have' never  been  de- 
scribed with  any; exactness,  thoug^.some  of  them  present  re- 
markable peculiarities.  .  t  *  :.; 
*  If  muriate  of  strontia  be  the  salt  h^ld.  .in: JohitiOn^  the 
flame  assumes  a  beautiful  carmine-red  colour.  When  viewed 
through  a  prism,  with  the  usual  pi^caution&rta:dimilii^  the 
:angular  breadth  of  the  incident  "pineal,  a  bi^oad,^  but.w^- 
deflned  red,  ami  a  harrow  yellow  image,  are  perceived  sqMtr 
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rated  firom  each  other^  by  a  veiy  obscure,  but  not  wholly  black 
space,  almost  ^ual  in  bneadth  to  the  red.  This  red,  however, 
con4t€|ts  entirely  of  tlie  mote  refVangible  poptioB,  and  is  extb- 
guilsbed  by  a ;StftTjdafdgl«8s^whidh:  transmits  only  the  extreme 
red  mys^  Tb0  yfiUow  itoage  is  refoa^kabla  Harrow  jas  jA  is, 
it  is  (Evidently  bifidi  being  divided  by  a  black  line  into  two 
itmg^roS  tiftt3  very  visibly  diffbiseiit.  The  most  refiawfted  ia 
a  piire  paW  y«How,  withwit  any  ruddy  or  green  tinge.  Hie 
leMt  is  a  decided,  orangey  equally  oontrasted  with  the  yellow 
on-  ibe  one  5idfe»  wd  tb£iy»d:on:lhe  other.  What  is  yet.njiore^ 
remajdkable  iA>  that  i^heri  /this: bifid  image  was  viewed  through 
the  bright^red  gl93Sr  di^ertbed  in  Art  3.,  it  waa  rendered, 
single,  the  yellow  being  eritireJy  -absorbed,  while  tlis  orange 
was'  very  little  afibated« :  At  i the.  point  of  the  flame,  the  yellow 
image:  ( wl^ioh  seems  jtrictlyr  iramogebeoua,  and  is  quite  sharp- 
ly defined  oh  both  sijdes),  tefminates  the  spectrum  ;  but  in  the 
low^r  part  a  faint  green  ithageis  visij^ie,  and  some  traces  of 
the  blue  and- violet,  becoming  strongs  as  we  approach  the 
bdttom.  ^(See  Kg*  13^)- 

Muriate  of  lime  disaodved  in.  spirits  gives  no  such  orange 
imag&  :The  ity pfe  of  this:  fiamie  is  as  in  Fig,  1 4,  Neither  does 
muriate  of  baryta  or  corrosive  siablimate,  the  type  of  whose 
fkmes,  which  lu?e  very  similar,  is  represented  in  Ilg.  15. 

The  solution  of  niuriate  of  copper  in  alcohol  is  of  an  emer- 
ald^een  colour^  that  of  the  nitrate  is  bli^e.     The  colours  of 
their  resjmcdve  ^amea  are  the  revere  j  the  former  giving  a 
blue^  and  the  latter  a  fine  green  Hame,  the  types  of  which  are 
given  in  Figures  16.  and  17. 

, .  Boracic  acid  has  ofben  been  remarked  for  its  efficacy  in  com^ 
munieating  a  green  tinge  to  thedSaineof  alcohol,  ikamined 
with  the  priam,  the  spei^rum.  of.thia£ameiaseen  divided  into 
six,  a  feeble  red,  a  bwght  yellow,  two  giseena  of  the  same  tint, 

one 


Digitized  by 


Google 


45S      /ON  TBC  ABMKniWt  W  LIGHT  Wt  COLOUBtD  lODU^ 

one  extremely  faint  bluish-green,  mid  one  i^oBt  evanesc^ft 
violet ;  its  type  being  Jn  amsequence  as  m  Fig.  18. 

It  is  needless  to  insist  on  the  advantage  that  may  be  taken 
of  these  and  similar  properties  of  coloured  Barnes  and  nediB, 
in  optical  researches.  The  power  they  afibrd  of  insulating 
rays  of  several  species,  of  a  refrangibility  perfecdy  d^nite, 
and  capable  of  being  identified  at  all  times,  offers  every  fadU- 
ty  for  a  more  exact  examination  than  has  hitherto  bemi  under- 
taken, of  the  dispersive  action  of  media  on  the  intermediate 
rays,  as  well  as  for  the  direct  determination  of  die  dispersions 
of  the  extreme  ones.  A  mediod  which  I  have  sometimes 
practised  with  success  for  the  latter  purpose,  is  as  fellows :  Let 
two  parallel  slits  A  A,  BB,  the  one  half  the  leng(3i  of  the  other, 
and  each  about  two-tenths  of  an  inch  in  breadth,  be  made  in 
a  screen,  and  being  placed  horiEontally  in  a  window,  examin- 
ed with  a  prism  of  known  refracting  angle,  having  its  edge  ho- 
rizontal. The  eye  being  xiefended  by  a  thickness  of  blue  glass 
(such  as  is  described  in  Articles  8.  and  5.),  sufficient  to  stop  the 
green,  yellow,  and  most  refrangible  red ;  two  images  aa^d  fi^ 
and  66,  Vh\  of  each  slit  are  seen  a  red  and  a  violet  of  each; 
the  red  being  perfectly  sharp  and  well  defined;  the  violrt  also 
pretty  well  defined  at  its  most  reflected  edge.  Hie  eye  and 
prism  being  now  gradually  withdrawn,  the  violrt  image  d  of 
the  longer  slit  will  approach  the  red  h  of  the  shorter  one,  and 
at  length  be  seen  projected  upon  it,  (the  apparent  angle  be- 
tween the  slits  diminishing,  while  the  angle  of  dispersion  re- 
mains invariable).  When  arrived  at  such  a  point  that  (the 
prism  being  placed  in  a  position  of  minimum  deviation)  the 
corresponding  edges  a' a'  and  bb  &rm  one  straight  line,  which 
may  be  hit  with  very  considerable  exactness ;  it  must  be  stop- 
ped, and  its  distance  from  the  slit  measured.  In  this  situa- 
tion,, the  difference  of  deviation  of  the  extreme  rays,  is  equal 
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to  the  angle  subtended  by  the  interval  between  the  corres^ 
pondmg  edges  AB  of  the  slit9;  and  this  being  known^  the  dis- 
persive power  is  eaaily  calculated.  In  fact,  if  i  be  the  interval 
b^we^i  the  corresponding  edges  of  the  slits  observed,  and  d 
their  distance  from  the  prism,  A  the  angle  of  the  prism,  D  the 
deviation  of  the  extreme  red  rays,  ^  the  refractive  index  for 
those  rays,  and  p  the  dispersive  power^  we  have 


_    ^^ 


J)  =  ~j  where  ifju  = 


cos 


(^°) 


it 


For  example,  to  determine  the  dispersions  of  8  specimens  of 
glass,  I  found  by  this  method  as  follows : 


i  i  =  0.535                                   1 

Number,  8cc  at  Glass. 

A  = 

S9»40' 

D  = 

t*  = 

d  = 

>^  = 

p  = 

1.  Flint, 

26'   8* 

1.6010 

34.40 

0.03849 

0.06404 

«.  Do. 

30  86 

18  86 

1.6780 

4976 

0.03706 

0.06409 

8.  Do. 

25    5 

15  10| 

1.5847 

61.95 

0.03734 

0.06386 

4.  Do,  «*  Heavy,"    - 

24    0 

14  56 

1.6028 

.61.40 

0.03961 

0.06656 

6.  FBnt, 

U  16 

14  88 

L6847 

64.08 

a03747 

0.06409 

6.  Crown, 

40    6 

28    1 

1.6265 

58.60 

0.02169 

0.04063 

7.  Do.  a  different  kind, 

24  40 

18«9i 

1.5801 

94.90 

0.02494 

0.04704 

8.  Plate, 

24  45 

18    H 

1.5138 

102.80 

omsie 

0.06096 

These  results  will  doubtless  appear  extraordinary,  after  all 
that  has  been  written  on  the  subject  of  dispersive  powers. 
The  highest  value  of  ^,  for  flint-glass,  given  in  Dr  Brewster's 
Table,  is  only  0.052,  which  is  |th  lower  than  any  of  these  re- 
sults ;  yet  I  have  no  doubt  of  the  correctness  of  my  observa- 
tions. The  agreement  of  the  dispersions  of  the  three  first  spe- 
cimens of  flint,  within  a  260th  part  of  their  whole  quantity, 
while  the  refractive  indices  differ  so  considerably,  is  not  a  little 
remarkable.  The  prisms  used  were  made  at  once,  by  the  same 
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artist,  for  aoother  purpose,  and  wesct  probably  tak^  iiroan  the 
same  melting  pot.     Meanwhilp,  it  ought  not  to  excite  stu^ 
prise,  that  the  dispersions  deduced  by  thtd  method  should  oas^ 
siderably  exceed  all  former  estimates.    It  will  be  recoUected, 
that  they  are  founded  on  observations  of  rays  situated  rigor- 
ously at  the  extremities  of  the  spectrum.    These  rays.dbde 
all  ordinary  observation  in  the  solar  spectrum,  and  are  too 
feeble. to  exert  any  sensible  influence  on  the  colours  of  the 
edges  of  objects,  in  the  usual  mode  of  compensation.     This 
latter,  indeed,  being  merely  comparative,  assuming  as  known 
the  dispersion  of  a  standard  prism,  its  results  must  be  affected 
by  all  the  uncertainties  attending  the  determination,  of  this  ele* 
ment,  which,  if  obtained  by  actual  measurement  of  the  solar 
spectrum,  knust,  as  I  have  before  observed,  necessarily  err  con- 
siderably in  defect :  add  to  which,  the  method  of  compensa- 
tion, owing  to  the  "  irrationality  of  the  coloured  spaces,''  can 
only  give  results  corresponding  to  the  union  of  the  two  bright- 
est and  most  strongly  contrasted  colours,  which  may  differ 
considerably  from  those  corresponding  to  extreme  rays.     The 
values  of  p  for  the  crown  and  plate  glass,  Nos.  7.  and  8.,  may 
possibly  be  somewhat  inqorrect,  from  the  smallness  of  the  re* 
fracting  angles  of  the  prisms  used. — I  have  the  honour  to  re- 
main, dear  Sir,  with  sincere  regard,  yours, 

John  F.  W.  Herschel. 
Sleughj  July  34.  18@2. 
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XXXIL— On  the  Mineralogy  of  the  Faroe  Islands.    By  W.  C. 
Trevelyak,  Esq.  R  R.  &  E. 


(ReadN(ro.\S.  18^ J 


My  deab  Sie,  WaUingtan^  July  22.  1822. 

JLN  compliance  with  your  request,  I  send  you  a  few  notes  of 
some  of  the  principal  geologic  facts  I  observed  in  Faroe, 
which  may  serve  as  a  supplement  to  Sir  George  Mackenzie's 
and  Mr  Allan's  accounts  of  these  islands,  which,  as  far  as 
they  extend,  I  found  perfectly  correct. 

The  Coal  in  Suderoe,  which  was  not  visited  by  them,  is  si* 
tuated  between  two  thick  beds  of  hard  clay,  resembling  the 
Clunch-clay  of  this  country  ;  tb  which  succeed  beds  of  trap.  In 
some  parts,  pieces  of  petrified  wood  are  very  abundant  in  the 
superincumbent  clay,  and  also  nodules  of  ironstone ;  and  in 
the  coal,  pieces  of  wood  resembling  charcoal.  The  coal  has  the 
same  degree  of  inclination  as  the  other  beds,  dipping  towards 
the  south-east,  at  an  iangle  of  about  4"*  Or  S" ;  being  the  satne  as 
the  dip  in  the  other  islands,  exceptmg  in  part  of  Myggenoeas, 
where  it  is  much  greater,  beiirg  near  45^.  The  thickness  of 
the  coal  varies  from  a  few  inches  to  5  or  ^  feet,  and  hr  quality 

much 
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much  resembles  the  Scotch  coal  generally  consumed  in  £dlii- 
burgh.  It  is  but  little  worked^  owing  to  the  want  of  time^  and 
peat  being  abundant,  and  more  easily  obtained.  Scarcely  any 
is  taken  to  the  other  islands,  as  they  have  no  vessels  of  suM- 
cient  size  for  that  purpose.  A  few  cargoes  were  carried  some 
years  since  to  Copenhagen,  but  not  being  found  to  answer,  the 
exportations  were  discontinued. 

In  the  map  of  Suderoe,  Plate  XXIX.  Fig.  8.  copied  from 
Captain  Born's  chart,  the  spots  where  coal  has  been  observed 
are  marked  with  a  double  line,  and  where  it  is  worked,  with  a 
broad  black  line.  The  section  below  the  map  shews  the  situa- 
tion of  the  coal  from  the  level  of  the  sea  to  the  summit  of  a 
hill  south  of  Famoye,  where  it  is  stated  to  occur,  though  we 
could  not  perceive  it,  which  might  periiaps  be  owing  to  the  su- 
perincumbent rubbish.    . 

The  coal  on  Myggenseas  appears  to  be  in  the  same  position, 
but  not  of  sufficient  thickness  to  be  worked.  On  Tindholm 
are  also  appearances  of  it  and  the  day,  apparently  enclosed  ia 
the  trap. 

At  Tiodnena^s,  near  Qualboe,  a  mass  of  columnar  Basalt 
is  intruded  into  the  place  of  the  coal,  which  disappears  near  it, 
as  shewn  in  Fig.  1. 

The  best  instance  of  ccdumnar  basalt  which  we  saw,  is  near 
Frodboe  in  Suderoe ;  it  is  well  described  in  Landt's  History 
of  Faroe. 

The  marks  of  fusion,  mentioned  by  Sir  George  Mackenzii, 
are  very  frequent,  and  also  another  appearance  which  may 
perhaps  be  connected  with  it.  The  upper  part  of  many  of  the 
beds  (more  particularly  of  the  amygdaloidal),  is  filled  with 
small  insular  perpendicular  cavities,  as  if  caused  by  the  escape 
of  a  gaseous  fluid,  when  the  rock  was  in  a  soft  state.  They  are 
sometimes  empty,  but  frequently  contain  zeolite. 

One 
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One  of  the  most  remarkable  beds  we  observed,  is  the  Green 
stone  mentioned  by  Mr  Allan  (p.  255.  vol.  vii.  Royal  Society 
Transactions)^  which  does  not  conform  with  the  general  posi- 
tion of  the  trap.  The  annexed  sections,  Figs.  2,  3,  4.  will  give 
a  better  idea  of  its  position  than  can  be  done  in  words. 

Another  bed  of  the  same  nature  appears  in  Osteroe,  near 
Zellatras,  part  of  which  is  represented  in  the  sketch  Fig.  5. 
Rojafiall  is  a  mountain  above  2000  feet  high,  nearly  equi- 
distant from  Ore  and  Zellatrae.  This  bed,  at  the  outcrop,  is 
broken  into  columns ;  but,  a  few  yards  from  it,  the  surface 
seems  quite  compact. 

Near  Rideviig  is  a  curious  mass  or  vein  of  basalt,  Fig.  6.  re- 
posing on  an  amygdaloidal  rock^  which  gave  me  the  idea  of  a 
stream  of  lava.  It  may  be  traced  for  about  30  yards,  when  it  is 
concealed  by  rubbish  and  earth.  Its  breadth  is  three  yards 
and  one-half,  and  thickness  one  yard. 

Figure  7.  represents  a  basalt  lying  on  an  amygdaloid,  (the 
shaded  part),  which  also  appears  to  be  intersected  by  numer* 
ous  veins  of  the  former,  as  if  a  number  of  fissures  in  it  had 
been  filled  up  by  the  basalt  flowing  over  it,  when  in  a  fused 
state ;  or  perhaps  it  is  a  conglomerate,  or  trap-tuff.  I  am  sorry 
I  neglected  examining  it  more  particularly. 

Near  Leinum  Lake  we  obtained  specimens  of  noble,  fire 
and  pearl  Opal,  in  a  bed  of  felspar-porphyry,  through  which 
they  are  disseminated  in  small  nodules.  They  were  discover- 
ed by  Mr  Holm  of  Quivig  since  Sir  George  Mackenzie's 
visit 

Native  Copper  is  very  firequent,  though  not  abundant  It  oo* 
durs  generally  in  amygdaloidal  rocks.  In  Suderoe,  near  Fama- 
rasund,  we  found  it  in  thin  plates  in  a  bed  of  claystone.  Some 
of  it  contains  gold,  also  (but  rarely)  found  separate. 
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I  may  remark,  that  we  fomid  compact  zeolite  in  a  stalacti- 
tic  form,  evidently  of  recent  formation,  and  deposited  from 
water,  in  the  same  way  as  stalactites  of  lime. 

We  observed  some  hair  zeolite,  which,  when  pressed,  gave 
out  a  milky  fluid. 

Believe  me,  dear  Sir,  very  truly  yours, 

W.  C.  TREVELYAN. 

To  Dr  Brewster. 
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XXXJIL.^^ElectrO'MagneHc  Experiments  und  Observations. 
By  Thomas  Stewaet  Tbaill,  M.  D.  F.  R.  S.  Edin.  & 
William  Scohe^by  Jun.,  Esq.  F.  R.  S.  Lokd.  &  Edin. 


(Read  May  6.  1922.) 

JLhe  interesting  discoveries  of  Oersted,  and  the  subsequent 
researches  of  Ampere,  Arago,  Davy,  and  Von  Buch,  which 
promise  to  throw  a  clearer  light  on  the  mysterious  nature  of 
Galvanism  and  Magnetism,  induced  us  to  undertake,  and  pur- 
sue conjunctly,  a  aeries  of  Electrcvmagnetic  experiments.  In 
prosecuting  our  inquiries  in  this  new  branch  of  scientific  in- 
vestigation, we  have  observed  various  interesting  facts,  some 
of  which  appeared  to  us  new,  while  others  did  not  seem  to  have 
been  detailed  so  fully  as  their  importance  merited. 

Some  of  our  earliest  experiments  on  this  subject  were  per- 
formed in  November  l^i^l^.with  a  cup  of  platina  and  slip 
of  rolled  zinc,  in  the  .manner  proposed  by  M.  M.  Von  Buch*. 
In  order  to  ascertain  the  effect  produced  on  the  needle,  by 
both  sides  of  the  lower  portion  of  the  zinp,  the  whole  appara* 
tus  was  placed  on  a  piece  of  plate-glass.  With  this  small  ap- 
paratus the  electro-magnetic  effect  was  slight,  and  its  intensity 
irregular,  when  the  proportion  of  the  acid  amounted  only  to 
^th  or  even  7^0 ^^  of  the  liquid  employed ;  but  the  needle  was 

3n  2   .  vwf 
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very  sensibly  affected,  whenever  the  strength  of  the  acid  li* 
quor  in  the  cup  was  sufficient  to  cause  such  an  effervescence 
with  the  zinc  as  to  render  the  liquid  turbid. 

The  most  striking  phenomena  of  this  galvanic  arrangement 
are,  the  different  effects  produced  on  the  inagnetic  needle  by 
the  relative  positions  of  the  platina  and  zinc,  in  regard  to  the 
magnetic  meridian,  and  the  opposite  influence  of  the  outer 
and  inner  sides  of  the  slip  of  zinc,  as  will  be  seen  in  the  tabu- 
lar results  below. 

1.  Cup  North. 
1.  Compass  at  O.   See  PI.  XXX.  Fig.  1.  deflected  to  the  £  \ 


2.            -         I 

- 

- 

W. 

3.            -         « 

- 

- 

W. 

4.            -         0 

- 

- 

£. 

2.  Cup  South. 

1.  Compass  at 

o. 

deflected  to      W. 

2. 

I, 

R 

& 

• 

E. 

> 

Or 

W. 

S.  Cup  West. 

I.  Compass  at 

0, 

not  sensibly  deflected. 

2. 

I, 

inversion  of  Poles. 

& 

• 

invernon  of  Poles. 

4. 

», 

not  sensibly  deflected. 

4.  Cup  East. 

t.  Compass  at 

o, 

inversion  of  Poles. 

2. 

I, 

not  sensibly  deflected. 

S. 

• 

not  sensibly  deflected. 

4* 

0, 

inversion  of  Poles. 

ft 

«  In  this  paper,  where  it  is  not  otherwise  spedally  indicated,  the  deflection^  to 
ttther  hand,  means  the  deflection  of  the  iVbriA  Pofe  of  the  needle.. 
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In  using  this  apparatus^  we  found  it  necessary  to  change  the 
acid  frequently,  otherwise  the  results  were  not  so  complete  as 
stated  in  the  3d  and  4th  series,  and  the  action  on  the  needle 
appeared  to  be  subject  to  capricious  and  sudden  movements, 
probably  produced  by  the  unequal  action  of  the  zinc  and  acid. 
We  therefore  constructed  another  apparatus,  which  combines 
simplidty  with  cheapness. 

It  consists  of  two  single  plates  of  zinc  and  copper,  4  inches 
square,  retained  about  |th  inch  apart  by  a  slip  of  mahogany 
rivetted  to  them,  as  in  Fig.  2.  This,  while  it  preserves  the 
due  position  of  the  plates,  affords  a  convenient  support  to  the 
connecting  wires  or  helices,  which  can  be  instantaneously 
changed  without  displacing  the  plates ;  for  the  ends  of  the 
wires  are  merely  inserted  into  holes  which  perforate  the  wood. 
When  experiments  were  to  be  made,  the  plates,  thus  connec- 
ted, were  placed  in  a  shallow  earthen-ware  dish,  containing 
the  acid  liquor  ^. 

Our  first  experim^its  with  this  apparatus  were  made  on  15th 
November,  and  have  been  many  times  since  repeated  with  the 
same  results. 

Experiments  with  the  simple  connecting-wire.  Fig.  2. 

I.  Zinc  North. 
1.  Needle  placed  below  the  wire,  deflected  to  the  W; 
2*  -  above  •  -  E. 

2.  Zinc 


*  The  Bquid  which  we  fomid  most  convenient,  is  1  part  of  nitric  axad  with  30 
parts  of  water,  and  ^  a  part  of  sulphuric  acid.  The  zinc  plates  were  made  accord- 
ing to  Messrs  Silvestbbs^  and  Bobson^s  patent,  now  in  the  hands  of  Messrs  Phi- 
LIPS,  GsoBGB  and  Co.,  about  ^V  uich  in  thickness ;  the  connectbg  wii^  and  hell. 
ees  were  of  copper,  or  of  brass  wire,  from  ^\  to  j\  inch  in  thickpess;  the  helices 
most  used  had  a  diameter  of  about  2  inches;  and  the  needle  empbyed  was  either 
a  small  pocket  compass,  inth  an  agate  cap,  or  a  naked  needle,  supported  on  a  €ne 
foint  fixed  at  rig^t  angles  oa  a  glass  rod. 
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%  Zinc  South. 
!•  Needle  placed  below  the  wirey  deflected  to  the  £. 
2.  -  above  -  -  W. 

S.  Zinc  West. 

No  sensible  effect  either  above  or  below  the  wire. 
4.  Zinc  East. 

No  sensible  effect  either  above  or  below  the  wire. 

In  these  experiments^  there  appears  to  be  a  maximum  of 
deflection  when  the  connecting  wire  is  in  the  magnetic  meri- 
dian ;  but  when  it  is  at  right  angles  to  that  meridian,  the 
effect  is  imperceptible.  This,  however,  is  evidentlj  owing  to 
the  small  portion  of  the  connecting  medium,  which,  in  this  po- 
sition, can  act  on  the  needle ;  for  when  a  broad  piece  of  metal 
was  substituted  for  the  connecting  wire,  the  needle  was  power- 
fully acted  on,  as  was  evident  by  its  short  oscillations ;  and  the 
same  thing  was  observed  with  Von  Buch's  i^paratus  above 
described. 

In  order  to  ascertain  how  far  the  influence  of  the  connecting 
wire  depended  on  the  supposed  direction  of  a  galvanic  current 
or  currents,  passing  from  one  metal  to  the  other,  a  connecting 
wire  was  bent  several  times  at  right  angles,  as  is  shewn  in  per- 
spective in  Fig.  3.,  and  the  following  effects  were  observed  on 
applying  a  needle  to  different  parts  of  the  wire;  in  different  po- 
sitions of  the  plates. 

!•  Zinc  North. 

When  the,  needle  was  presented  to  those  portions  of  the 
wire  in  the  magnetic  meridian  1,  S,  3,  the  deflection  Mss  as 
follows : 

1.  Above  the  wire,  deflection        -        to  W^ 

2.  Below  .  -  to  £• 
but  in  other  parts  c^  &e  wire  there  was  no  deflection* 

a  Zinc 
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2,  ZiDcSouth* 

When  the  needle  was  presented  to  the  portions  of  the 
wire  in  the  magnetic  meridian  l^  2,  3. 

J.  Above  the  wire,  deflection        -        to  R 
2.  Below  -  -  to  W. 

but  in  other  parts  of  the  wire  no  sensible  deflection* 

3,  Zinc  West. 

In  this  position  there  are  two  parts  of  the  wire  in  the 
magnetic  meridian  4,  5»  which  present  reversed  results* 
!•  Above  that  portion,  number  4,  deflection  to  K 
2.  Below  -  -  4,         •         to  W. 

but  3.  Above  -  •  5,         -         to  W. 

4.  Below  -  -  5,         •         to  E. 

4,  Zinc  East- 

In  this  position  l^e  influence  of  the  portions  4  and  5  were 
exactly  as  in  the  last  position  of  the  zina  At  first  sight  the 
results  of  former  experiments  ought  to  have  led  us  to  expect  a 
difierence ;  but  a  little  reflection  will  shew,  that  if  these  effects 
are  produced  by  a  current  passing  from  the  zinc  to  the  copper, 
by  the  connecting  wire,  when  the  zinc  is  west,  the  current 
must  pass  northward  through  5,  and  southward  through  4 ;  and 
in  the  c^posite  directions  throng  both,  when  the  zinc  plate 
is  placed  to  the  east  of  the  copper.  This  circomstance  coun- 
teracts the  effect  of  turning  the  plates^  and  the  appearances 
agree  with  the  result  of  our  previous  experiments,  no  less  than 
with  those  that  follow. 

The  phenomena  of  electro-magnetism  appear  to  favour  the 
idea  of  currents  capable  of  affecting  the  needle  differently, 
passing  in  opposite  directions,  and  on  opposite  sides  of  the 
connecting  wire,  from  the  two  metals  forming  the  galvanic  ar- 
rangement i  and  the  results  which  we  obtained  with  the  bent 
wire^  prove  that  the  influence  of  the  relative  position  of  the 
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zinc  and  copper  plates,  depends  rather  on  the  direction  which 
is  thus  communicated  to  the  electro-motive  currents,  than  on 
the  point  of  the  compass  from  which  they  b^n  to  flow. 

Helices  were  substituted  for  the  connecting  wires  already 
described.  Tliese  were  usually  formed  by  bending  copper- 
wire  10  or  12  times  round  a  wooden  cylinder.  We  did  not  find 
any  difference  in  effect,  whatever  might  be  the  metal  of  which 
they  were  made,  or  whether  they  were  7,  1,  2,  3,  or  4  inches 
in  diameter;  but  we  found  those  of  two  inches  most  con- 
venient in  our  experiments.  They  were  either  right  or  left 
helices  ;  and  for  one  experiment  we  employed  a  helix,  one- 
half  of  whidi  was  a  right,  and  the  other  a  lefl  helix  *• 

In  the  following  experiments,  the  needle  was  generally  in- 
troduced iu  the  centre  of  the  helix ;  but  it  did  not  alter  the  re- 
sults, when  moved  about  in  it,  provided  the  needle  had  free 
space  to  turn  round. 

ExperimentB  with  a  Right  Helix.    Fig.  5. 

1.  Zinc  North. 

Needle  introduced  in  the  axes  had  its  poles  inverted. 

2.  Zinc  South. 

No  deflection  of  the  needle. 

3.  Zinc  West 

Needle  deflected  to  the  R 

4.  Zinc  East 

Needle  deflected  to  the  W. 

Experiments 

*  Tboee  unaccustomed  to  such  operatioiis,  find  some  difficulty  in  disdnguisb- 
ing  between  a  right  and  a  left  beHx ;  but  if  it  be  placed  on  one  end,  the  ajMres  of 
h.right  hdix  rise  in  the  direction  of  the  sun^s  diurnal  c6une ;  those  of  a  Idt  Jiefix 
in  the  ^pponte  direction. 
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ExperimetUs  with  a  Left  Helix,     Fig.  6. 

1.  Zinc  North, 

Needle  not  deflected* 

2.  Zinc  South. 

Needle  had  its  poles  inverted. 

3.  Zinc  West. 

Needle  deflected  tQ  W- 

4.  Zinc  East. 

Needle  deflected  to  £• 

JBixperimej^  wHk  a  Dmbh  Helix. 

This  helix  is  6  inches  in  length,  and  2  in  diameter;  it  con- 
sists of  16  spires,  8  of  which  are  in  a  right,  and  8  in  a  left  di- 
rection. 

The  needle,  when  placed  in  either  end,  was  deflected,  as  in 
the  order  of  the  simple  helices,  to  which  it  belonged.  When 
placed  in  the  centre  of  this  helix,  the  needle  Qnly  obeyed  ter^ 
restrtal  magnetism ;  but  the  slightest  deviation  to  either  extre- 
mity produced  a  deflection. 

In^nead  of  the  helices,  we  employed  a  thin  tube  of  brass. 
Fig.  4. ;  but  with  the  smalt  apparatus  no  certain  efiects  were 
produced.  In  subsequent  experiments,  however,  with  a  larger 
galvanic  arrangement,  we  remarked  singular  irregular  motions 
6f  the  needle  in  its  axis,  which  were  not  easily  reducible  to 
any  general  law. 

To  increase  the  power  of  our  electro-motive  apparatus, 
utrithout  rendering  it  complicated,  seemed  desirable,  as  we 
thought  that  we  perceived  a  law,  respecting  the  action  of  he- 
lices, whidi  we  hoped  to  develope  more  clearly  by  an  increase 
of  power. 

We  procured  a  copper  tray,  14  inches,  long  by  10  inches 
wrde,  and  1  deep,  A  A,  Fig.  7.     BB  is  a  plate  of  zinc,  13 
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inches  long  by  9  wide^  which  has  a  short  pipe  of  the  same  me- 
tal soldered  to  its  centre,  for  supporting  one  end  of  the  con- 
necting wires,  while  the  other  is  inserted  in  a  similar  pipe  sol- 
dered to  the  copper-tray,  as  represented  at  C.  When  this  ap- 
paratus was  used,  nothing  more  was  necessary  than  to  separate 
the  zinc  and  copper  by  a  few  slips  of  window-glass,  or  by  thick 
paper,  and  then  pour  the  acid  into  the  tray.  The  eflFect  of 
changing  the  relative  positions  of  the  metallic  plates,  as  in  the 
former  experiments,  could  be  instantly  produced,  by  moving 
one  end  of  the  connecting  wire  to  either  side  of  the  copper- 
tray.  On  this  account,  it  is  the  most  convenient  form  of  the 
apparatus,  and  is  sufficiently  powerful  to  give  sparks,  and  to 
magnetise  small  sewing  needles,  if  previously  softened  by 
heat. 

With  this  apparatus  all  our  former  experiments  were  repeat- 
ed, and  the  following  are  the  general  results  which  were  obr 
tained. 

The  effect  of  the  simple  and  conducting  bent. wires  differed 
only  in  energy  from  what  was  before  observed.  The  deflec- 
tions, when  the  acid  was  fresh,  was  =  90^  to  either  hand;  and 
in  those  positions  where  there  was  no  deflection,  there  was 
evidently  very  strong  electro-magnetic  action. 

When  helices  were  employed,  we  found  that  the  needle  in- 
troducedr  invariably  arranged  itself  parallel  to  the  axis  of  the 
helix,  whatever  might  be  its  direction.  This  law  was  striking- 
ly illustrated  by  the  combination  represented  in  Fig.  8.  Here 
^  ver;^  long  left  helix  was  employed,  portions  of  which  were 
bent  toward  the  four  cardinal,  points ;  and  on  successively  in- 
troducing the  needle  into  each,  it  assumed  the  direction  of  the 
axis  of  that  portion  of  the  helix ;  but  in  such  a  manner,  that 
the  nor^A  pole  of  the  needle  is  always  directed,  so  as  to  meet 
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^  the  supposed  current^  passing  from  the  zinc  toward  the  copper 

■  by  the  helices. 

*  With  right  helices,  the  needle  as  invariably  arranges  itself  in 

the  direction  of  the  axis  of  the  helix ;  but,  in  this  case,  the 
^  south  pole  of  the  needle  is  always  directed,  so  as  to  meet  the 

^  current,  which  we  have  supposed  to  proceed  from  the  zinc  to 

the  copper  by  the  connecting  wires. 

This  general  statement  will  supersede  the  necessity  of  de- 
!  tailing  the  numerous  experiments  whidbi  we  made  to  deter- 

e  mine  these  laws.     It  is  evident  that  the  deflections  of  the 

>.  needle,  when  the  helices  were  arranged  either  in  an  east  or  a 

i  west  direction,  could  never  be  less  than  90^ ;  and  in  certain 

directions  must  have  amounted  to  complete  inversion  of  the 

poles. 
I  The  forgoing  experiments  were  made  with  horizontal  heli- 

(  ces ;  and  we  conceived  that  it  was  important  to  ascertain  the 

effect  which  an  inclined,  or  a  vertical  position  of  die  helices 
J  might  produce  on  the  needle. 

,  With  a  vertical  helix,  as  in  Fig.  7.,  a  needle,  poised  on  a 

^  centre,  cUpped  so  much  as  to  have  its  free  moticm  destroyed: 

we  therefore  introduced  a  magnetic  needle,  suspended  by  a 

fine  thre^,  or  a  fibre  of  raw  silk.     This  uniformly  assumed 

the  direction  of  the  axis  of  the  helix,  whether  truly  vertical,  or 

inclined  to  the  horizon. 

In  a  Right  tertical  Helix. 

J  .  1.  When  the  end  of  the  helix  connected  with  the  zinc  is  up- 

permost, the  N.  pole  is  depressed. 
^.  When  the  end  of  the  helix  connected  with  the  zinc  is  lower- 
most, the  N.  pole  is  elevated. 

That  is,  the  south  pole^  as  in  a  horizontal  right  helix,  is 
turned,  to  meet  the  supposed  current  proceeding  from  the 
zinc 

So  2  In 


Digitized  by 


Google 


474        ELECTRO  MAGNETIC  EXPfiBIMEyTS  AND  OBSSRVATXOK8. 

In  a  Left  Vertical  Helix. 

1.  When  the  end  of  the  helix  connected  with  the  zinc  is  up- 
permost^ the  N.  pole  of  the  needle  is  elevated. 

2.  When  the  end  of  the  helix  connected  with  the  zinc  is  low- 
ermost, the  N.  pole  of  the  needle  is  depressed. 

That  is,  the  north  pole^  as  in  a  left  horizontal  helix,  is 
turned,  to  meet  the  current  proceeding  from  the  zinc 

Similar  experiments  were  made  on  helices  inclined  at  angles 
of  70""  and  20°.  The  needles  assumed  the  direction  of  the  axis 
of  those  helices ;  and  the  other  phenomena  were  lumilar  to 
what  are  above  stated. 

We  may  then  reduce  the  influence  <^the  interior  of  the  he- 
lices on  electro-magnetic  arrangements,  into  two  general  laws. 

1«<,  When  a  magnetic  needle  is  introduced  into  audi  a  he- 
lix, it  has  a  tendency  to  assume  a  direction  parallel  to  the  axis 
of  the  helix. 

2d^  When  the  helix  is  a  right  helixj  the  5oti^poleof  the 
needle  is  deflect^  toward  that  part  of  it  in  connection  with 
the  zmci  and  when  &  is  «  left  heUx^  the  NwthipcAe  c^the 
needle  b  deflected  townrd  that  part  of  tt  in  intmediqte  contact 
witiii  the  zinc. 

In  prosecuting  our  experiments,  we  had  occasion  to  dbserve^ 
that  the  upright  wires  supporting  the  helices,  were  not  wiISe^ 
out  their  influence  on  the  needle.  When  the  needle  approach- 
ed the  vertical  portion  of  the  connecting  wires,  there  were 
marks  of  strong  electro-magnetic  action  ;  but  the  deflections  of 
the  needle  differed  at  each  side  of  the  wire.  There  is  some 
difficulty  in  ascertaining  the  precise  effect  of  each  side  of  the 
wire,  and  we  therefore  substituted,  first,  a  rectaqgulgr  tuh^  of 
cdppe]:,x>f  the  same  form  as  the  connecting  wire  in  Fig.  S.,  the 
sides  of  whidi  were  about  |ths  of  an  inch  in  breadth ;  and  |4^r- 
wards  a  solid  piece  of  lead,  cast  of  the  same  size  and  shiype  9S 
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the  tube.    Wkh  both  of  these,  as  a  connecting  piece,  the  de- 
flections of  the  needle  were  found  to  be  predsely  similar. 

These  defiectiotts  will  be  easiest  represented  by  references 
to  horizontal  sections  of  the  limbs  of  the  connecting  piece,  as 
below. 

I.  Zinc  North. 


s 

Copper. 

n 

» 

ZIdc. 

n 

8.    . 

N. 

* 

< 

e 

1.  Needle  applied  to    «  S, 

deflected  9(r  E. 

2.            -            ^        nS, 

90' W. 

3.           -           -       wS, 

inversion  of  poles. 

4.            -            -         eS, 

no  deflection,  but  vigorous  action. 

5.            -            -       .»N, 

deflection  9(r  W. 

6.            -            -       nN, 

-      9a»R 

7.           -           -       wN, 

no  deflection,  but  vigorous  action. 

8.            -           -       eN, 

inversion  of  poles. 

IL  Zinc  South. 

w 

w 

8 

Zinc. 

n 

8 

Copper.  „ 

S. 

N. 

e 

e 

1.  Needle  applied  to    »S, 

deflected  9(r  W. 

2.            -            -        nS, 

-         9(r  E. 

3.            -           -       wS, 

no  deflection,  but  vigorous  action. 

4.            -            -        eS, 

inversion  of  poles. 

5.            -            -       «N, 

deflected  9(r  E. 

6.            -            -       nN, 

9(rw. 

7.            -            -      -wN, 

inversion  of  poles. 

8. 

- 

eN, 

no  deflectio] 

D,  but 

vigorous  action. 

Digitized  by 


Google 


476        ELECTRO-BfAGNETIC  EXPEBIMENTS  AND  OBSERVATIONS. 

Similar  experiments  were  repeatedly  made  with  the  zinc 
west  and  east ;  but  in  both  those  cases,  the  effects  of  the  ver- 
tical portions  of  the  limbs  were  perfectly  similar  to  those  here 
given  under  11.^  or  Zinc  South ;  so  that  the  same  table  will  re- 
present the  action  of  the  four  sides  of  the  vertical  limbs  in 
three  positions  of  the  zinc.  When  the  compass  is  carried 
round  one  of  these  vertical  limbs  of  the  connecting  piece,  the 
needle  makes  one  revolution  on  its  centre. 

We  next  examined  the  effect  of  the  horizontal  part  of  the 
rectangular  connecting  piece  on  the  magivetic  needle. 

I.  Zmc  North. 

1.  Needle  above  the  horizontal  part  deflect^     90^  £• 

2.  -      below  -  -  9(y  W. 

II.  Zinc  South. 

1.  Needle  above  the  horizontal  part  deflected     90*  W. 

2.  -      below  -  -  90  R 

in.  Zmc  West 

1.  Needle  above  shewed  no  deflection,  but  vigorous  action. 

2.  -      bdlow  had  its  poles  inverted. 

IV.  Zinc  East 

1.  Needle  above  had  its  poles  inverted. 

2.  -      below  shewed  no  deflection,  but  vigorous  action.. 

When  the  needle  was  applied  to  ike  two  perpendicular  sur- 
faces of  the  horizontal  part,  there  was  a  difference  of  deflec- 
tion, as  it  approached  either  the  upper,  or  the  lower  surface, 
partaking  of  the  effect  of  that  surface  to  which  the  compass 
was  approximated.  The  action  of  the  upper  and  under  sur- 
faces of  the  rectangular  conducting  piece,  when  the  zinc  was 
north  or  south,  did  not  difier  from  that  of  the  simple  connec- 
ting wire  m  Fig.  2. 3  but  the  breadth  of  these  sur&ces  de- 
veloped 
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veloped  an  effect  on  the  needle  when  the  zinc  was  west,  or  east, 
which  could  not  be  detected  by  using  a  small  connecting 
wire. 

On  comparing  the  results  obtained  by  using  different  kinds 
of  connecting  pieces,  it  appears,  that  if  the  needle  be  applied 
along  their  exterior  surface,  as  in  the 
direction  S,  o,  N,  the  deflection  will 
be  the  same,  while  the  relative  posi- 
tion of  the  zinc  and  copper  are  un- 
changed, or  while  the  electro-motive  q 
current  flows  in  one  direction  ;  and 
if  the  needle  be  carried  along  the 
interior  surfaces  of  the  connecting  piece,  as  in  the  direc- 
tion Sy  t,  n,  the  deflection  will  be  uniformly  in  the  opposite  di- 
pection. 


The  thin  brass  cylinder  Fig.  4.  was  then  applied  to  the  tray 
and  plate  apparatus,  Fig.  7. 

L  Zinc  North* 

1.  Needle  in  its  ^s,  deflected  E. 

2.  -        at  its  upper  surface  R 

3.  -       at  its  lower  surface  W.. 

II.  Zinc  South. 

1.  Needle  in  its  axis,  not  at  all  deflected.. 

2.  -        above,  deflected  W. 

3.  -        below  -        R 

III.  Zinc  West 

L  Needle  in  its  axis  not  deflected;  but  vigorously  acted  on. 
2.        --       above,  not  visibly  acted  on. 
Z.        -        below,  had  its  poles  inverted. 

Zinc 
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IV.  Zinc  East. 

1.  Needle  in  its  axis^  deflected  90^  R 

2.  -  above,  deflected  E. 

3.  -  below,  not  deflected,  but  strongly  acted  on. 
The  sides  of  this  cylindric  tube  shewed  no  action,  except 

when  the  needle  was  moved  toward  the  upper,  or  imder  part 
of  the  tube,  when  it  partook  more  or  less  of  the  action  pecu- 
liar to  that  surface. 

The  electro-magnetic  effects  of  the  outside  of  the  cylimki- 
cal  tube,  appear  to  differ  ki  no  respect  fcam  those  of  re^aegu- 
lar  connecting  pieces,  or  common  connecting  wiica  When  a 
needle  is  introduced  in  its  axis,  and  is  deflected  mi  aU,  that  de- 
flection partakes,  more  or  less,  of  the  direction  it  assumes, 
when  applied  to  the  upper  surface  of  either ;  but  the  degree  of 
deflection  appears  to  be  subject  to  sudden  variations  and  irre- 
gularities, of  which  the  cause  was  not  always  apparent.  If  we 
may  be  allowed  the  expression,  it  seemed  as  if  the  electro- 
magnetic current  moved  through  the  tube  with  difficulty. 

Finding  the  outside  of  the  ttdbe  giving  such  decided  electro- 
magnetic indications,  we  exatemed  thejiedoii  of  liie  outside  of 
the  helices. 

Experiments  with  Right  Helix. 

L  Zinc  North. 

1«  Needle  applied  above>  deflected     90"      £. 
2.  -  below,  .         9(r      W. 

IL  Zinc  South. 

1.  Needle  applied  above»  deflected     00''     W. 

2.  .  below,         •  9(r      E. 

Ill  2inc 
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III.  Zinc  West 

1.  Needle  applied  above,  deflected     9(f     W. 

2.  •-  below,  inversion  of  poles. 

IV.  Zinc  East- 

1.  Needle  applied  above,  deflected  90®  R 

2.  -  below,  deflected  to  R ;  but  varying  a 
little  in  degree,  as  moved  along  the  helix. 

E<cperiments  with  Left  Helix. 

L  Zinc  North. 

1.  Needle  applied  above,  deflected 

2.  -  below, 

IL  Zinc  South. 

1.  Needle  applied  above,  deflected 

2.  •  below, 

IIL  Zinc  West. 

1.  Needle  applied  above,  deflected     90"^       E.  . 

2.  -  below,  inversion  of  poles. 

IV.  Zinc  East. 

1.  Needle  applied  above,  deflected     90®      W. 

2.  -  below,  deflected  to  W. ;  but  varying  a 
little  in  degree,  when  moved  toward  either  end  of  the 
helix. 

These  experimehts  shew,  that  the  reversed  action  of  right 
and  lefl^  helices  is  chiefly  confined  to  their  interior ;  for  when 
the  zinc  is  south  or  north,  the  outsides  of  lefl;  and  right  helices 
act  similarly  on  the  needle ;  when,  however,  the  zine  is  west 
or  east,  the  deflections  of  the  needle  are  reversed  in  each  sort 
of  helix.     The  analogy  also  between  the  outsides  of  helices, 

VOL.  IX.  p.  II.  3  p  and 
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and  the  surfaces  of  the  horizontal  part  of  the  rectangular 
pieces  is  very  close ;  the  upper  surfaces  of  helices,  when  the 
zinc  is  west  or  east,  affording  the  only  differences  of  action  be- 
tween helices  and  other  connecting  pieces,  while  a  complete 
inversion  of  poles  takes  place  at  the  lower  sides  of  all^  when 
the  zinc  is  to  the  wfedtwwrd  of  the  copper. 


We  beg  leave  to  lay  before  the  Society  these  details  of  our 
experiments,  rather  As  contributions  toward  the  materials  of  a 
theory  of  electro-magnetic  action,  than  with  the  idea  of  dedu- 
cing from  them  any  speculations  on  the  nature  of  this  mys- 
terious agent ;  yet  we  cannot  avoid  remarking,  that,  while  the 
substances  connecting  the  poles  of  a  galvanic  arrangement  be- 
come real  magnets,  the  opposite  eifects  of  their  upper  and  un- 
der surfaces  llppekt  to  favour  the  doottine  <^  two  electro-mag- 
netic currents,  mtkving  in  opposite  directions ;  and  that  the 
Boreal  Magnethm  of  the  interior  of  Bight  Helices,  and  the 
Amtral  Magnetism  observed  in  Left  Helices,  combined  with 
the  superior  enei^  of  helices  over  simple  wires,  seem  to  give 
probability  to  the  supposition,  that  the  two  currents  have  a 
natural  tendency  to  pursue  a  c(yi!irse  !n  the  direction  of  those 
spirals. 


XXXIV. 
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turn  of  some  of  the  Tenses  of  the  Greek  Verh  JBy  John 
HuNTSR,  LL.  D.  Professor  of  Humanity  in  the  Univer- 
sity of  St  Andrew's.  Communicated  by  the  Rev.  DrliEs, 
F.  R.  S.  Ed. 


(Read  Jan.  ZO.  1823.^ 


JL  HE  following  conjectures  concerning  the  Analogy  obser- 
ved in  the  formation  of  some  of  the  Tenses  o£  the  Greek  Verb 
seem  worthy  of  farther  inquiry ;  for,  if  well  founded,  they 
may  be  usdul  towards  establishing  juster  rules  for  the  forma- 
tion of  the  Tenses  in  some  instances ;  and,  particularly,  they 
will  account  for  certain  forms  of  the  Verb  in  Homer  and  Hi- 
sioD,  which,  being  apparent  violations  of  the  usual  analogy, 
have  perplexed  the  grammarians,  and  reduced  them  to  the 
necessity  of  assuming  imaginary  new  Presents,  without  autho- 
rity, and  for  no  other  reason,  but  to  account  for  such  anoma- 
lous forms. 

1.  The  Perfect  Middle  has  not  a  middle  signification ;  see 
KusTER  de  Voce  Media^  sect  i.  Its  form,  too,  is  active ;  and 
therefore  it  probably  belongs  to  the  Active  Voice,  which,  on 
this  supposition,  becomes  more  regular  and  uniform,  having 
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a  double  Preterite,  as  well  as  a  double  Future  and  Aorist. 
Thus, 

nt^ci         Jrtn^a        ^nrv^a     K  Fret* 

TWTCJ 


{ 


TVTd  iTUTOP  TiTura     2.  Fret. 


It  is  no  objection  to  this  account,  that  the  second  Freterite 
may  sometimes  be  found  in  a  middle  signification  ;  for  active 
verbs  in  all  languages  are  sometimes  used  as  middle,  the  reci- 
procal pronoun  being  conceived^  though  not  ejspressed.  Thus 
f/,srafia)kcif  in  Greek,  accingo  in  Latin,  prepare  in  English: 
omnes  accingunt  operi, — they  all  prepare  (themselves)  for  the 
work. 

2.  0  in  the  second  Freterite,  or  Freterite  middle,  uniformly 
arises  from  i  in  the  Fresent,  and  from  nothing  else. 

Xf^Ai,     XiXoya— /3XiT»,     jSi/SXwa. 
Xerxo^,    XfXoixa— -TO^o^,       xixoi^a* 

That  ^e^o0,  ft0u^vy  ayei^oiy  and  Other  such  verbs  having  a  li- 
quid before  o^,  make  i^ffogot,  fA^ifMgUf  nyoga^  and  not  fjuifutpai 
i(f^,oig»,  iiyoiga,  &c  is  no  exception  from  the  rule.  For  all 
such  verbs  probably  had  of  old  not  f i,  but  f  only,  in  the  pe- 
nult Thus  p0€igea  seems  to  have  been  of  old  ^ippa^j  whence 
the  old  or  iBolic  Future  ^t^trm.  So  fMi^m  was  fi^^ppo^^  whence 
^6^0^  pars ;  and  the  old  or  JEolic  form  kytppm  is  still  to  be 
found.  In  like  manner,  jSfjSoXa  seems,  as  Dr  Moor  has  ob- 
served, to  be  formed,  not  from  jSaXX^r,  but  from  the  old  verb 
i3fXX(v»  whence  ^iXog  jaculum. 

3.  Although  the  1st  Freterite,  or  Ferfect  active,  generally 
follows  the  analogy  of  the  1st  Future,  yet  it  sometimes,  too, 
observes  that  of  the  2d.    Thus, 
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^   ..         1  ^«    f  not  icTiXxtt  from  cTiXH    1.  Fut. 
2rf  xx«i  makes   i,^,  ^  -/^-n^ 

C.  but  itrrotXKa  irom  craXa    tS.  x  Uu 
In  the  same  manner,  rupcif,  ktupo^,  xags^  tncu^mf  &c  &c« 

4.  On  the  other  hand,  although  the  2d  Preterite,  or  Perfect 
middle,  generally  follows  the  analogy  of  the  2d  Future,  yet  it 
sometimes,  too,  observes  that  of  the  1st.     Thus, 

^rao^i.  makes  j  "^""^  •^'^^  ^"^^  ^^'^    ^-  ^^*- 
I  but  f(rroXa  from  trrtkoi      L  Fut 

In  the  same  manner,  rtifv^  zrupof,  ^^^f  tncn^oiy  &c. 

Nay,  from  f  in  the  penult,  there  often  arises  o  in  the  1st 
Preterite,  or  Perfect  active.  Thus,  Tixo/i^a,  XfXo;^a,  «f«Xo^a, 
iiioiKdy  from  wtfijTOi^  \%yu^  «Xfsrrd^,  dfi^o^,  &c.  And  this  seems 
of  old  to  have  been  still  more  frequent,  and  to  have  extended 
also  to  the  Passive  voice.  Thus,  jetf/to^^ai,  ^rixo^Oaiy  in  the  old 
or  .£olic  dialect  from  fi^ipp^  {%.  e.  fjt^ugv)  and  ngfioi* 

5.  In  the  same  manner,  although  the  1st  Aorist  generally 
follows  the  analogy  of  the  1st  Future,  yet  it  also  seems,  parti**, 
cularly  in  the  more  early  periods  of  the  language,  to  have 
sometimes  followed  that  of  the  2d  Future.  Thus,  ;^fai|  ix,M — 
so  fiTa,  finyxa  or  ^yaeca,  aXiva/jutPogf  iKi/ttf  &C. 

Since,  then,  there  are  in  the  Greek  Verb  two  Futures,  and 
two  Preterites,  each  of  which  Preterites  follows  the  analogy  of 
either  Future ;  and,  since  there  are  two  Aorists,  and  that  the 
1st  Aorist  also  follows  the  analogy  of  either  Future,— query, — 
Would  it  not,  from  these  facts,  be  rather  probable  than  others 
wise,  that  the  2d  Aorist  should  also  follow  the  analogy  of 
either  Future;  that,  as  from  tvtS  there  is  formed  Irv^rop^  so 
from  ru^c^  ther^  shoi^ld  be  formed  irv^'oy?  and,  if  this  were 
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admitted,  would  it  not  account  for  such  words  as  tutrafintnot 
iivcito^  Xf|f0,  og0%C9  oicif  oi(rfr«9  a^f— r^,  &€•,  which  have  so 
much  perplexed  the  celebrated  Dr  Clarke,  (see  Notes  on 
Iliad,  B.  S5.  £.  109. ;  L  613.)  in  a  manner  more  satisfactory 
than  is  done  by  the  arbitrary  method  of  imagining  new 
Presents  in  — cm^  from  which  these  forms  may  be  deduced : 
For  it  is  only  to  account  for  such  anomalous  forms  that  these 
new  Presents  have  been  imagined ;  and  the  grammarians  would 
no  doubt  have  assumed  imaginary  new  Presents  also,  to  ac- 
count for  such  1st  Aorists,  as  i^^a,  i^^a,  if,  by  so  doing,  these 
aorists  could  have  been  reduced  to  the  usual  analogy. 

Now  this  supposition,  namely,  that  the  2d  AorUt^  as  wdl  as 
the  1st,  follows  the  analogy  of  either  Future,  which  is  thus  ren- 
dered in  some  degree  probable,  has  actually  taken  place,  at 
leaist  in  some  instances.    Thus  the  compounds  of  riftjw, 

r  from  the  1st  Future    imrtfjJi  has  in 
aTOTifipcif  *%  the  2d  Aor.  Part.        ax&nficiPj  as  well 
Cas  from  the  2d  Fut.     axorafjuif  avorafMP* 

So  i|dv,  they  came,  IL  23.  v.  38. ;  »ari^n(r%ro^  B.  24.  v.  191., 
both  of  which  follow  the  analogy  of  the  first  Futures,  viz.  \lu 
(from  \KOi  venio)  and  xara/SfjtrofMi.  And  every  person  acquaint* 
ed  with  the  elements  of  Greek  is  aware,  that,  as  fi^uv  is  the 
primary  form,  whence,  by  the  common  reduplication,  arises, 
first,  fiifj(,iw,  and  then,  dropping  the  short  i,  by  what  the 
grammarians  call  syncope^  fA^ifAveif,  and  as  yu^  is  the  primary 
form,  from  whence,  in  like  manner,  is  derived  yiyjrA>  (Latin 
gigno)  and  yiyyofMti :  so  xirAi  is  the  primary  form,  which,  by 
like  reduplication  and  syncope,  gave  birth  to  mrrcify  cado^ 
from  which  primary  form  Tiro^,  making  in  the  first  Future 
sr€(r(v,  there  is  formed  the  second  Aor.  ixitrof  in  common  use ; 
which,  in  so  far,  both  illustrates  and  confirms  the  for^^ibg 
hypothesis. 

The 
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The  foregoing  paper  was  written  about  thirty  years  ago,  be- 
fore either  Villoison's  or  Heyne^s  editions  of  the  Iliad  were 
published.  It  may  joiot  be  improper,  however,  to  subjoin  some 
facts  contdned  in  these  two  celebrated  editions,  together  with 
a  few  observations,  suggested  by  these  facts,  and  tending  to 
confinn  the  opinion  which  1  had  been  previously  led  to  form, 
of  those  anomalous  flexions  of  the  Greek  Verb; 

From  the  ancient  Scholia,  quoted  by  Hetke"  in  his  obser- 
vations on  the  various  readings  of  the  Iliad,  and  from  the  large 
volume  of  Sdrolia  published  by  Villoison,  (as  well  as  from 
those  contained  in  Barneses  edition  of  the  Poems  of  Homer, 
published  in  ITll),  it  seems  to  be  clearly  establishei^  that,  in 
the  daya  of  the  Ptolemys,  this  £>rm  o£  the  2d  Aorist,  follow- 
ing the  SBalogy  of  the  1st  Future,  was  more  frequent  in  the 
writings  of  Homer,  than  that  of  th9  1st  Aorist,  formed  upon 
the  analogy  of  the  same  Future ;  and  that  it  was  the  reading 
recdved  fOid  approved  by  the  most  eminent  of  the  Alexan- 
drian grammarians,  by  l^moDOTus,  the  keq>er  of  the  Alexan- 
drian LUurary,  and  bj  Aristar^ hus  faimBel£ 

While,  however,  the  Greek  scholiasts  have  cecorded  these 
as  ibe  anoient  and  genuine  forms  used  by  Homer,  they  have, 
I  8tfflpedt»  greatly  <^Ted  in  thjeir  manner  of  accouating  for 
them.  After  the  Jiq^of  so  ayumy  centu^s,  these  Homeric 
fbcms  liad,  in  a  ^eat  measore,  becoioe  obsolete  %  and  the 
other  foxm^  that  of  the  1st  Aorist,  bad  4xnne  into  jgenend  use ; 
and  those  grammarians  could  devise  no  other  method  of  ac- 
counting 
•  •  ■■  ■     ....  ■  ^  - ■  ■     .  ^ 

^  tinr  uistaiice,  however,  of  ttiis  andent  Homeric  id  Aoritt  ocean  in  Thso- 
esiTus,  and  fdiodier  in  Caluhachub;  and,  perhaps,  b^  an  attentire  observer, 
gnore  might  be  ftmnd, 


Digitized  by 


Google 


486  ON  THE  ANALOGY  IN  THE  FORMATION  OF  SOME 

counting  for  these  old  and  now  obsolete  forms,  but  by  imagin- 
ing new  Presents  in  — o-«,  of  which  thej  supposed  these  forms 
to  be  the  regular  Imperfects.  This  manner  of  solving  the  dif- 
ficulty has  been  implicitly  followed  by  Eustathius,  in  his 
Greek  Commentary  on  the  Poems  of  Homer,  and  (I  am  sorry 
to  be  obliged  to  add)  by  my  late  invaluable  firiend  Lord  Mon- 
BODDO ;  of  whom,  and  of  the  dies  Attici^  now  long  gone  by,  in 
which  I  enjoyed  his  learned  and  elegant  society,  I  never  can 
think  but  with  an  indescribable  feeling  of  satisfaction  and  re- 
gret, 

If,  however,  we  acquiesce  in  this  solution  of  the  difficulty, 
we  must  be  content  to  abate  somewhat  of  our  admiration  of 
the  Greek  language,  which  has  been  heretofore  held  to  ex- 
press, with  the  utmost  clearness  and  precision,  all  the  various 
and  diversified  conceptions  of  the  human  mind,  even  to  their 
minutest  shades  of  difference.  Indeed,  that  the  Greeks,  or 
any  enlightened  people,  should  employ  those  forms  of  their 
Verbs  as  Presents^  which  were  familiar  to  every  ear  as  appro- 
priate expressions  of  the  Future^  or,  as  Eustathius  often  ex- 
presses it,  should  draw  back  the  future  to  express  the  Present^ 
is,  when  duly  considered,  a  supposition  in  itself  so  unreason- 
able, not  to  say  absurd,  that  it  would  require  better  and  more 
conclusive  evidence  to  support  it,  than  has  yet  been  produced. 
Besides,  where  was  the  necessity  of  such  an  innovation  ?  what 
advantage  was  to  be  gained  by  it  ?  The  original  Presents  re- 
mained in  common  use.  Why  then  employ  the  Futures^  ivtro/Mi 
and  l^ofittif  £•  G.  as  Presents^  when  ivat  and  ^voftui,  and  Im 
and  Uofiuh  present  forms  in  common  use,  would  answer  the 
same  purpose  ? 

There  is  still  another  consideration,  to  which  due  weight 
ought  to  be  given.     There  is  no  evidence  whatever,  that  those 

Present'^ 
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Present^Fuiures^  or  future^PresentSj  in  — trAf  and  — ^ofiai,  ever 
existed.  They  are  not  to  be  found  in  the  Poems  of  Homer 
or  Hesiod.  They  are  not  to  be  found  in  the  Greek  authors 
posterior  to  Homer  and  Hesiod  ;  and  of  Greek  authors  prior 
to  the  age  of  Homer  and  Hesiod  we  know  absolutely  no- 
thing. 

From  these  considerations  it  seems  to  be  evident,  that  the 
existence  of  these  JFkiiure^Presents  is  merely  a  gratuitous  as- 
sumption of  grammarians,  to  account  for  the  Homeric  forms 
fiti^tro,  ivtriro,  &c  which  they  could  in  no  other  way  reduce 
to  any  known  analogy  of  formation. 

T%%s^  however,  the  learned  Dr  Clarke  had  too  much  acute- 
ness  and  good  sense  to  admit ;  and,  accordingly,  we  find  him 
regarding  these  Presents  as  altogether ^c/ifum^.  His  words  on 
the  passage  *Clg  ag»  ^wfi^etg^  krififi^ttrtf^—'Iliad^  II.  35.  are 
these :  ^  Editi  plurimi  habent  aTi^ti(riro,  a  verbo^c/o  aTc^n<r(^ 
^  fjMi.^^  And,  to  obviate  the  difficulty,  he  changes  infintriro 
here  into  M%fin^aro ;  and,  when  ^titnto,  or  any  of  its  com- 
pounds, occurs,  his  general  practice  is  to  substitute  the  form 
of  the  1st  Aorist,  ^ntrnro.  But,  even  if  it  would  remove  the 
difficulty,  this  change  is  unauthorised.  The  other  form  in 
—fro  is  attested  as  genuine  by  the  Alexandrian  grammarians, 
is  supported  by  the  Greek  scholiasts,  by  the  ancient  MSS.  of 
the  highest  authority,  and  by  the  early  editions.  In  Villdi- 
son's  edition  of  the  Hiad,  which  bears  to  be  an  exact  tran- 
script of  a  MS.  of  the  tenth  century,  in  the  Library  of  St 
Mark  at  Venice,  the  form  is  uniformly  ^^tro^  except  in  a 
single  instance,  and  in  that  one  instance,  I  suspect  — aro  to  be 
an  error  of  the  press. 

Dr  Clarke,  however,  soon  finds  that  this  change  of  — %rc 
into  — aro,  violent  and  unauthorised  as  it  is,  will  not  remove 

VOL.  IX.  p.  II.  3  Q  the 
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the  difficulty*  In  the  address  of  Diomede  to  Sthenelus,  he 
meets  with  the  Imperative,  xara^tuno, 

which  he  attempts  to  accowit  for  in  this  manner :  ^^  Videtur 
^  mihi  Imperatixms  ex  future  deductusy  licet  id  non  agnoscaDt 
^^  Grammatici ;  errareque  eos,  qui  verbum  hie  in  prfesenti  fin- 
^^  gunt  K»ra^fi<rofML$.  Quanquam,  analogic  haud  ditfsimili,  per- 
^'  saepe  usurpare  visus  est  Homerus  verbum  iv^^fjMi^  iw^, 
"  ihtriTo,^'  &c.  Nothing  can  show  more  strongly  the  difficulr 
ty  which  Dr  Clarke  must  have  felt  in  accounting  for  the^ 
forms,  than  that  he  is  here  obliged  to  have  recourse  to  another 
gratuitous  assumption  of  an  Imperative  of  the  Future^  a  thing 
unheard  of  before  ;  and  almost  to  admit  ivtrofuti  as  a  Present, 
from  which  to  deduce  litxrtto  as  an  imperfect  The  fact  is, 
that  he  found  the  authorities  in  fevour  of  itM'%ro  apd  tWirfi 
to  be  so  numerous,  and  of  such  weight,  that  he  did  not  ven- 
ture, in  these  examples,  to  change  — iro  into  — ara. 

Afterwards,  however,  he  found  himself  obliged  to  abandon 
this  hypothesis  of  an  Imperative  of  the  Future,  as  well  as  his 
original  position,  that  these  new  Presents  in  — ^oi  and  — ^^i 
are  imaginary  ;  and  he  appears  at  last  (he  or  his  son,  it  is  un- 
certain which)  to  adopt,  in  its  full  extent,  the  explanation  gi- 
ven by  EusTATHius.  That  commentator,  whose  ranarks 
would  have  been  invaluable,  had  his  taste  and  judgment  been 
equal  to  his  means  of  information,  if  1  rightly  underst^d  lum, 
has  this  observation  on  v.  154.  of  the  20th  Book  of  the  Odys- 
sey :  **  'OieriTf  is  sanctioned  by  a  poetic  rule  of  formstjon 
**  {xoifitiKi^  KoafOfi^iTott)  as  the  imperfect  of  the  ver^  h^t^  the 
**  Future  having  retrograded  into  a  Present.  For  of  hitrtf  the 
^^  Imperfect  is  oKrov,  the  3d  person  iivi^  the  Imperative  the 

same  in  sound,  also  oitrtf  of  which  the  plural  is  o/fin/' 

Dr 
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Df  Clarke  or  his  son  adds  in  continuation :  ^^  Atque  analogic 
^^  quidem  hand  dissimili  scepe  usurpare  videtur  poeta  verba 
**  ^vcofAUi,  0ii9rofMu,  fin^itoj  &c.  Vide  antem  ad  //.  i.  109.  y 
(where,  however,  he  reprobates  the  hypothesis  of  these  new 
Presents  in  — ^opMi.)  **  Occurrit  eadem  vox  (viz*  oktiti)  IL 
**  y .  103.  0.  718.  et  apud  Theocbitum,  Idyll,  xxiv.  48.  Porro 
^^  fuerunt,  teste  Barnesio,  qui  oi&ar$  ubique  legendum  statue- 
**  runt,  sed  nullo  profectu.  Nam,  uti  ipse  annotat,  occurrit 
^'  apud  HoMERtJM  oM'i  in  Impenitivo,  numerositigulari,  ubi  isti 
^*  emendationi  locus  nullus  est,  &c.  et  apud  Callimachum, 
**  —  f  f^f  ^ax^^9  ^'^*  BigiCfAov.     Hymn,  in  Cer.  v.  137." 

All  the  attempts,  however,  to  account  for  these  forms  in 
particular  Verbs  are  partial  and  Unsatisfactory.  As  the  facts 
to  be  accounted  for  are  all  similar,  the  true  solution  must  be 
general^  and  such  as  will  embrace  them  all.  Whether  the  me- 
thod which  I  have  ventured  to  suggest  be  of  this  description, 
does  not  belong  to  me  to  determine.  It  possesses  at  least  this 
indispensable  requisite,  that  it  accounts  for  all  the  phenomena 
in  question^ 

It  would  be  tedious  and  tiresome  to  eaiter  on  a  particular 
examination  of  every  individual  verb  of  the  kind  which  we  are 
considering.  It  may  not  be  improper^  however,  to  sdect  one 
example  for  the  purpose  of  illustration. 

Tliere  are  not  many  verbs  of  more  fi'eqaent  occurrence  in 
HoMBB  than  iV  veniio  in  one  or  other  of  its  parts.  It  is 
found  in  the  present : 

Ef^fp  (e  Cypro)  in  9Vf  iivgo  roV  IKCl.^fjfAara  va^o09. 

Od.  {.  444. 

and  the  Future  J^epu  occurs  once  in  Hesiod,  and  ten  or 
twelve  times  in  Homes  ;  and,  in  not  one  of  these  instances^ 
can  it  bj  any  sophistry  be  tortured  into  a  pretentj  or  forced 
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into  an  expression  of  present  time^  in  the  smise  in  which  pre- 
sent time  is  generally  understood.  I  shall  note  the  places  of 
occurrence,  that  any  person  may,  if  he  chuses,  examine  them, 
and  judge  for  himself  They  are  these :  Hesiod.  Op.  et  Dies^ 
V.  477.  J  n.  a.  240. ;  ^.  363,  502. ;  X.  182.  j  o.  505.  ;  ^.  47. ; 
^  728.     Od.  i.  515. ;  6^  198. ;  «.  276. 

'Uo/ctai,  the  Future  of  Im,  then,  must  be  decidedly  excluded 
from  the  catalogue  of  new  Presnts,  devised  by  the  Greek  Scho- 
liasts to  account  for  the  supposed  Imperfects,  so  freqiient  in 
Homer.  And  yet  a  new  Present  i|ai,  is  equally  necessary  in 
this,  as  in  any  other  verb  of  the  kind,  to  account  for  l^o»,  they 
camey  the  past  tense,  formed  upon  the  analogy  of  the  first  Fu- 
ture ;  which,  though  not  noticed  either  by  Dr  Clark£,  or  by 
Heyne',  is  no  less  frequent  in  Homeb  than  the  Future  itself. 
Thus, 

'A>X.'  or%  in  TgoifiP  ISON,  r^otfuf  n  piom.     U.  %•  773. 
At  quandojam  Trqjam  vEVERVVT^fluviosque  labentes. 

See  also,  II.  k.  470. ;  |.  4S3. ;  ^.  1. ;  ».  692.  Od.  y.  5, 31, 495.; 
h  1. ;  I.  194.     Hymn,  in  Apoll.  411.  438.  280.  278. 

Nor  is  there  a  single  unequivocal  example  of  the  1st  Aorist 
of  this  verb  to  be  found  in  the  poems  either  of  Homer  or  of 
Hesiod,  except  one,  viz.  \i%^y  which  occurs  in  the  Hymn  to 
Apollo,  v.  223.  In  that  same  Hymn,  however,  there  are  no 
fewer  than  four  examples  of  the  form  in  -w  {\iw\  and  ano- 
ther still  in  the  Hymn  to  Mercury,  w.  398. 

This  instance  of  i|oy,  so  frequent  in  Homer,  may  therefore 
be  fairly  admitted  to  be,  in  the  language  of  the  celebrated  Ba- 
con, an  instantia  crucis,  clearly  pointing  out  the  true  method 
of  accounting  for  all  the  other  Homeric  Forms  of  the  same  de- 
scription.    If  so,  there  will  be  no  longer  any  necessity  for  the 
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gratuitous  assumption  of  new  Presents  in  -ffoi  and  -ffofiM,if 
to  account  for  these  forms,  nor  for  supposing,  with  Dr  Clarke, 
that  xara^n^o  is  an  imperative  of  the  Future;  nor  for  chan- 
ging, as  he  has  generally  done,  the  2d  Aorists  (Sfitrtrcy  xaru" 
fin(riroj  &c  into  regular  first  Aorists  in  --uro.  We  ought  ra- 
ther to  restore  the  Homeric  2d  Aorists  in  -iro,  recognised  as 
the  genuine  readings  by  the  Grammarians  of  Alexandria,  and 
the  Greek  Scholiasts,  and  confirmed  by  the  ancient  MSS*  of 
highest  authority,  and  the  early  editions. 

If  the  view  which  I  have  ventured  to  give  of  these  Home- 
ric Forms  in  -«ro  be  well  founded,  it  will  hardly  be  neces- 
sary to  notice  the  canon  of  criticism  attempted  to  be  establish- 
en  by  the  learned  Heyne',  in  his  voluminous  edition  of  the 
Biad,   as   to   -iro  and  -«ro,   and  the  reasons  for  preferring 
the  one  to  the  other  in  particular  passages.      See  his  4th 
vol.  p.  506.    Of  the  futility  of  that  attempt,  every  classical 
scholar,  who  will  read  with  sufficient  attention  the  last  seventeen 
verses  of  the  8d  book  of  the  Odyssey,  will  be  fully  convinced. 
The  learned  German  has  adopted,  without  scruple  or  hesita- 
tion, the  explanation  of  these  Homeric  Forms  given  by  the 
Greek  scholiasts ;  and,  in  allusion,.  I  presume,  to  the  difficulty 
felt  by  Dr  Clarke,  in  admitting  the  existence  of  new  Presents 
in   -^A»  and  -^o^i,  he  states  his  opinion,   and  the  grounds 
of  it,  with  decisive  confidence,  in  the  following  words :  "  Esse 
^^  autem  talem  formam  prassentis  /S^^o/mki  dubitari  nequitj  nam 
**  est  V.  c  0.  105.     AXX*  ay  lfM9  oxjtoif  InjifKrEOy''  p.  506.  v.  4. 
And  on  B.  v.  35.  he  makes  the  following  remark,  not  quite 
consistent  with  itself:  "  Quid  hoc  loco  intersit,  non  video; 
'^  nisi  quod  airifin(rir6  antiquioris  vocis  speciem  habet :  nova/or- 
^^  ma  subnata,  ut  Wo/mki,  iivco/ifivy  et  alia.*'     How  ^e  nova 
forma  should  have  antiquioris  vocis  speciem^  I  do  not  clearly 
comprdiend.      But  a  gleam  of  truth  will  sometimes  burst . 
through  the  darkness  of  inveterate  prejudice- 
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ROYAL  SOCIETY  OF  EDINBURGH, 

ENACTED  2I3d  MAY  1811,  26th  februart  1830, 

AND  24th  JANUARY  1823. 


I. 

JL  HE  RoTAL  Society  of  Edinburgh  shall  consist  of  Ordinary, 
Foreign,  and  Honorary  Members. 

II. 

Every  Ordinary  Member,  within  three  months  after  his  election, 
shall  pay  as  fees  of  admission  Three  Guineas,  and  shall  further  be  bound 
to  pay  annually  the  sum  of  Two  Guineas,  into  the  hands  of  the  Trea- 
surer. 

.  III.  ' 

Members  ^hallr  be  at  liberty  to  compound  ibr  their  annusd  subscrip* 
tion,  each  paying  according  to  the  value  of  an  annuity  on  his  life,  de- 
termined as  in  the  ordinary  insurance  on  lives^  < 

The  power  of  raising  the  admission  fee  arid  the  anilual  subsicrip* 
tion  shall  teifiain  With  the  Society.  "-    •  --'   ^  ■    / 

VOL.  a.  P.  n.  .       8  R  IV. 
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IV. 


Ordinary  Members,  not  residing  in  Edinburgh,  and  not  compound-^ 
ing  for  annual  subscription,  shall  appoint  some  person  residing  in  Edin- 
burgh, by  whom  the  payment  of  the  said  subscription  is  to  be  made, 
and  shall  signify  the  same  to  the  Treasurer. 


V. 

Members  failing  to  pay  their  subscription  for  three  successive  yean, 
due  application  having  been  made  to  them  by  the  Treasurer,  shall  cease 
to  be  Members  of  thjB  Society,  and  the  legal  means  for  recovering  such 
arrears  shall  be  employed. 

VI. 

None  but  Ordinary  Members  are  to  bear  any  office  in  the  Society,  or 
to  vote  in  the  choice  of  Members  or  Office-bearers,  or  to  interfere  in 
the  patrimonial  interests  of  the  Society. 

VII. 
The  number  of  Ordinary  Members  shall  be  unlimited. 

VIII. 

The  Ordinary  Members,  upon  producing  an  order  from  the  Teea- 
SURER,  shall  hereafter  be  entitled  to  receive  from  the  publisher,  gratis, 
the  Parts  of  the  Society's  Transactions  which  shall  be  published  sub- 
sequent to  their  admission. 

IX. 

The  Society  having  formerly  admitted  as  Non-resident  Members, 
gentlemen  residing  at  such  a  distance  from  Edinburgh  as  to  be  unable 
regularly  to  attend  the  Meetings  of  the  Society,  with  power  to  such 
Non-resident  Members,  when  occasionally  in  Edinburgh,  to  be  present 
at  the  Society's  Meetings,  and  to  take  a  part  in  all  their  inquiries  and 
proceedings,  without  being  subjected  to  any  contribution  for  defraying 
the  expences  of  the  Society ;  it  is  hereby  provided,  that  the  privileges 
of  such  Non-resident  Members  already  elected  shall  remain  as  before ; 
but  no  Ordinary  Members  shall  be  chosen  in  future  under  the  title 
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and  with  the  privileges  of  Nou-resident  Members.  The  Members  at 
present  called  Non-resident  diall  have  an  option  of  becoming  Ordinary 
Members ;  if  they  decline  this,  they  shall  continue  Non-resident  as  for- 
merly. 

X. 

The  Foreign  Members  shall  not  be  subject  to  the  Annual  Contribu- 
tions,  nor  to  any  Fee  on  admission.  They  shall  be  limited  to  the  num* 
ber  of  Thirty-six,  and  shall  consist  of  Foreigners  distinguished  in 
Science  and  Literature. 

XI. 

The  Honorary  Members  shall  not  be  subject  to  the  Annual  Contri- 
bution, nor  to  any  Fee  on  admission.  They  shall  be  limited  to^  the 
number  of  Twenty-one,  and  shall  consist  of  Gentlemen  eminently  dis- 
tinguished in  Science  and  Literature. 

XIL 

The  Election  of  Members  shall  take  place  on  the  1st  Mondays  of 
every  month  during  the  Session,  at  the  ordinary  meetings  of  the  So- 
ciety, which  shall  be  considered  as  General  Meetings  for  the  Election 
of  Members.  The  Election  shall  be  by  Ballot,  and  shall  be  determin- 
ed by  a  majority  of  votes,  provided  Twenty-four  Members  are  present, 
and  vote. 

xin. 

No  person  shall  be  proposed  as  an  Ordinary  Member,  without  a  re- 
commendation subscribed  by  One  Ordinary  Member,  to  the  purport 
below*.    This  recommendation  shall  be  delivered  to  the  Secretary, 

8  &  S  and 


*  ''  A.  &  a  geotlenian  well  dulled  in  several  branches  of  Science  (or  Polite  Litera- 
ture^ as  tbe  Case  may  be)  beings  to  my  ktiowledge  detfrous  of  becoming  a  Member  of 
tl^  Royal  SocSMy  of  Edinbtixghi  I  herdby  recommend  him  as  deserving  of  that  honour > 
and  as  likely  lo  pears  an  useftd  and  yaluaUe  Member. 
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and  by  him  laid  before  the  Council,  and  shall  afterwards  be  read  at 
each  of  three  ordinary  meetings  of  the  Society,  previous  to  the  day  of 
the  election,  and  shall  lie  upon  the  table  during  that  time. 

XIV. 

Any  Three  Members  may  transmit,  through  the  Secretary  to  the 
Council,  recommendations  of  Foreign  and  Honorary  Members.  Fo- 
reign and  Honorary  Members  may  also  be  proposed  by  the  Council,  and 
they  shall  be  elected  in  the  same  manner  as  the  Ordinary  Members, 

XV. 

The  Classes  shall  meet  alternately  on  the  first  and  third  Mondays  of 
every  month,  from  November  to  Jime  inclusive.  It  shall  be  competent, 
however,  to  bring  matters  of  a  Physical  or  Literary  kind,  before  either 
Class  of  the  Society  indiscriminately.  To  facilitate  this,  one  Minute- 
book  shall  be  kept  for  both  Classes ;  the  Secretaries  of  the  respective 
Classes  either  doing  the  duty  alternately,  or  according  to  such  agree- 
ment as  they  may  find  it  convenient  to  make. 

XVI. 

The  Society  shall  from  time  to  time  make  a  publication  of  its  Trans- 
actions and  Proceedings.  For  this  purpose  the  Council  shall  select  and 
arrange  the  papers  which  they  shall  deem  worthy  of  publication  in  the 
T}ran8action8  of  the  Society,  and  shall  superintend  the  printing  of  the 
same. 

The  Transactions  shall  be  published  in  Parts  or  FascicuR,  and  the 
expence  shall  be  defrayed  by  the  Society. 

XVII. 

There  shall  be  elected  annually  for  conducting  the  publications  and 
regulating  the  private  business  of  the  Society^  a  Council,  consisting  of 
a  President ;  Four  Vice-Presidents,  two.  of  whom  shall  be  resident; 
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a  President  for  each  Class  of  the  Society ;  Six  Counsellors  for  each 
Class ;  one  Secretary  for  each ;  a  Treasurer ;  a  General  Secretary ;  and 
a  Curator  of  the  Museum  and  Library. 

xvm. 

The  election  of  the  Office-bearers  shall  be  on  the  fourth  Monday  of 
November. 

XIX. 

Four  Counsellors,  Two  from  each  Class,  shall  go  out  annually.  They 
are  to  be  taken  according  to  the  order  in  which  they  at  present  stand  on 
the  list  of  the  Council. 


XX. 

The  Treasurer  shall  receive  and  disburse  the  money  belonging  to  the 
Society,  granting  the  necessary  receipts,  and  collecting  the  money  when 
due. 

He  shall  keep  regular  accounts  of  all  the  cash  received  and  expended, 
which  shall  be  made  up  and  balanced  annually;  and  at  a  General 
Meeting,  to  be  held  on  the  last  Monday  of  January,  he  shall  present 
the  accounts  for  the  preceding  year,  duly  audited.  At  this  Meeting 
the  Treasurer  shall  also  lay  before  the  Society  a  list  of  all  arrears  due 
above  twelve  months,  and  the  Society  shall  thereupon  give  such  direc- 
tions as  they  may  find  necessary  for  recovery  thereof. 

XXI. 

At  the  General  Meeting  in  November,  a  Committee  of  Three  Mem- 
bers  shall  be  chosen  to  audite  the  Treasurer's  accounts,  and  give  the 
necessary  discharge  of  his  intromissions. 

The 
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The  report  of  the  examination  and  discharge  shall  be  laid  before  the 
Society  at  the  General  Meeting  in  January,  and  inserted  in  the  re- 
cords. 

XXII. 

The  General  Secretary  shaU  take  down  minutes  of  the  proceedings  of 
the  General  Meetings  of  the  Society  and  of  the  Council,  and  shall  enter 
them  in  two  separate  books.  He  shall  keep  a  list  of  the  Donations  made 
to  the  Society,  and  take  care  that  an  account  of  such  Donations  be  pu- 
blished in  the  Transactions  of  the  Society.  He  shall,  as  directed  by  the 
Council,  and  with  the  assistance  of  the  other  Secretaries^  superintend  the 
publications  of  the  Society. 

XXIII. 

A  Register  shall  be  kept  by  the  Secretary,  in  which  copies  shall  be 
inserted  of  all  the  Papers  read  in  the  Society,  or  abstracts  of  those  Pa- 
pers, as  the  Authors  shall  prefer ;  no  abstract  or  paper,  however,  to  be 
published  without  the  consent  of  the  Author.  It  shall  be  understood^ 
nevertheless,  that  a  person  choosing  to  read  a  paper,  but  not  wishing  to 
put  it  into  the  hands  of  the  Secretary,  shall  be  at  liberty  to  withdraw 
it,  if  he  has  beforehand  signified  his  intention  of  doing  so. 

^or  the  above  purpose,  the  Secretary  shall  be  empowered  to  emploj 
a  Clerk,  to  be  paid  by  the  Society. 

XXIV. 

Another  register  shall  be  kept,  in  which  the  names  of  the  Members 
shall  be  enrolled  at  their  admissioui  with  the  date. 

XXV. 


A  Seal  shall  be  prepared  and  used,  as  the  Seal  of  the  Society. 


XXVI. 
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XXVI. 


The  Curator  of  the  Museum  and  Library  shall  have  the  custody  and 
charge  of  all  the  Books,  Manuscripts,  objects  of  Natural  History, 
Scientific  Productions,  and  other  articles  of  a  similar  description  be- 
longing to  the  Society ;  he  shall  take  an  account  of  these  when  received,, 
and  keep  a  regular  catalogue  of  the  whole,  which  shall  lie  in  the  Hall, 
for  the  inspection  of  the  Members. 

XXVIL 

All  articles  of  the  above  description  shall  be  open  to  the  inspection  of 
the  Members,  at  the  Hall  of  the  Society,  at  such  times,  and  under  such 
regulations,  as  the  Council  from  time  to  time  shall  appoint. 
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LIST 

Of  the  Office-Beabebs  and  Members  dected  since  the 
26th  January  1818. 


November  30. 1818. 
OFFICEUBEAREBS. 

Sir  James  Hall,  Baronet,  President. 

Right  Honourable  Lord  Gbat,|  Vice-Presidents. 
Honourable  Lord  Glenlee,      ) 

Professor  Platfair,  Greneral  Secretary. 

James  Bonar,  Esq.  Treasurer. 

Thomas  Allan,  Esq.  Keeper  of  the  Museum  and  Library. 

PHYSICAL  CLASS. 

Sir  George  S.  Mackenzie,  Baronet,  President 
Dr  Hope,  Secretary. 

G)unsellors. 
Lieutenant-G)lonel  Imrie.        James  Jardine,  Esq. 
Professor  Jameson.  Hon.  Captain  Napier,  R.  N. 

Dr  Brewster.  Dr  A.  Duncan  jun,^ 

VOL.  IX.  P.  II.  3  s  Literary 
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LITERARY  CLASS. 
Henry  Mackenzie,  Esq.  President. 
Thomas  Thomson,  Esq.  Secretary. 

Counsellors. 
Professor  Dunbar.  Lord  Reston. 

Rev.  Mr  Alison.  Rev.  John  Thomson. 

Rev.  Dr  Jamieson.  Rev.  Dr  Brunton. 


January  25.  1819. 

MEMBERS  ELECTED. 

Honorary. 
The  Chevalier  Joseph  Hammer. 

Ordinary. 
Right  Hon.  Lord  John  Campbell. 
Sir  John  Hay,  Baronet 
Dr  Shoolbred. 

Patrick  Eraser  Tytler,  Esq. 
Colonel  David  Stewart  of  Garth. 
Patrick  Murray,  Esq.  of  Simprim. 
Dr  James  Muttlebury,  Bath. 
Dr  Thomas  Stewart  Traill,  Liverpool. 
Dr  Alexander  Kennedy,  Edinburgh. 
Mr  Alexander  Adie,  Optician,  Edinburgh. 
Dr  William  Couper,  Glasgow. 
Dr  John  Hennen. 
Dr  John  Veitch. 

Andrew 
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Andrew  Waddel,  Esq. 

George  Ranken,  Esq. 

Dr  Marshall  Hall. 

John  Borthwick,  Esq.  Advocate. 

Richard  Phillips,  Esq. 

William  Scoresry,  Esq.^un. 

George  Forbes,  Esq. 


November  29.  1819. 

OFFICE-BEARERS. 

Sir  James  Hall,  Baronet,  President. 

Right  HonoumMe  Lord  G.ay,  7  Vice-Presidents. 
Honourable  Lord  Glenlee,       J 

Dr  Brewster,  General  Secretary. 

James  Bonar,  Esq.  Treasurer. 

Thomas  Allan,  Esq.  Curator  of  the  Museum  and  Library. 

PHYSICAL  CLASS- 

JSirG*  S.  Macken2i£,  Barotiet,  President. 

Alexander  Irving,  Esq.  Secretary. 

Counsellor^  from  the  Physical  Class. 

James  Jardine,  Esq.  Gilbert  Laing  Meason,  Esq. 

Hon.  Captain  Nap;er,  R.  N.        Professor  Russell. 

Dr  A.  DuNCAN,^w».  Dr  Hope. 

LITERARY  CLASS. 
Henry  Mackenzie,  Esq.  President. 
Thomas  Thomson,  Esq.  Secretary. 

^s2  Counsellors 
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Counsellors  from  the  Literary  Class. 
Reverend  Dr  Jamieson.        Sir  John  Hat,  Baronet, 
Heverend  John  Thomson.     Professor  Christison. 
Reverend  Dr  Bhunton.        Hon,  Baron  Clerk  Rattray., 


January  24.  1820. 

MEMBERS  ELECTED. 

Honorary. 

His  Royal  Highness  Prince  Leopold. 
His  Imperial  Highness  the  Archduke  John. 
Hisi  Royal  Highness  the  Archduke  Maximilian. 
M.  le  Chevalier  Delambre,  Perpetual  Secretary  of  the^ 
Academy  of  Sciences, 

Ordinary. 

JamesHunter,  Esq.  of  Thurston» 

Right  Hopourable  X)avip  Boyle,  Lord  Justice-Clerk. 

James  Keith,  Esq. 

Right  Honourable  Sir  Samuel  Shepherd,  Bart.. Lord  Chiefs 

Baron. 
James  Naijine,  Esq.. 
John  Colquhoun,  Esq* 
Henry  Raeburn,  Esq. 
Lieutenant-Colonel  M.  Stewart. 
Charles  Barrage,  Esq.  F.  R.  S. 
Thomas  Guthrie  Wright,  Esq^ 

JbHN. 
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John  R  W.  Herschel,  Esq.  F.  R.  SL 
Adam  Anderson,  Esq.  A.  M.  Perth. 
John  Shank  More,  Esq.  Advocate. 
William  Hall,  Esq.  A.  M. 
Dr  George  Augustus  Bortbwick,  Edinburgh. 
Robert  Dundas,  Esq.  of  Amiston. 
Dr  Samuel  Hibbbrx. 
James  Robinson  Scott,  Esq. 

Dr  Robert  Haldane,  Professor  of  Mathematics,  St  An^ 
drew's. 


May  1-1820. 

MEMBERS  ELECTED: 
Honorary  Members.  j 

Count  ItTERBURG. 

Ordinary  Members. 
Sir  John  Meade,  M.  D. 
Thomas  Einnear,  EAq.  Banker. 
Dr  William  Macdonald  of  Ballashore 


June  1. 1820. 
MEMBERS  ELECTED. 

Honorary  Memi^rs^. 
Count  Berthollet.. 


Foreign 
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Foreign  Members«^ 

M.  Vauquelin.  M.  Poisson. 

M.  Le  Chevalier  Leoendre.  M.  Prony* 

M.  Brochant.  M.  Gauss. 

Baron  Von  Buch*  M.  Blumenbach. 

M.  Berzelius.  Count  Volta. 

Baron  Krusenstern.  M.  Eaussler. 

M.  SisMONDi.  M.  Degerando. 

Ordinary  Members. 

John  Hay,  Esq.  younger  of  Hayston* 
Captain  Robert  Hay,  R.  N. 
Dr  Ballinoall. 


Npy^J?^  27-,  1820. 

QSiflCE-BEAEiiRS. 

Sir  Walter  Scott,  Baronet,  President 

Right  Honourable  Lord  Gray,  1  Vibe-Presiderits. 
Honourable  Lord  Glenlee,      J 

Dr  Brews^brv  Gwieral  Secretary. 

James  Bonar,  Esq.  Treasurer. 

James  Skene,  Esq.  Curator  of  the  Museum  and  Library. 

PHYSICAL  CLASS. 

Sir  Oeoroe  Mackenzie,  Baronet,  President 

Alexander  Irying,  Esq.  Secretary. 

Counsellors 
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Counsellors  from  the  Physical  Class. 
Dr  A.  Duncan  junior.  Dr  Hope. 

Gilbert  Laino  Meason,  Esq.        Professor  Wallace. 
Professor  Russell.  Henry  Jardine,  Esq. 

LITERARY  CLASS. 

Henrt  Mackenzie,  Esq.  President. 

Sir  William  Hamilton,  Baronet,  Secretary. 

Counsellors  from  the  Literary  Class. 
Reverend  Dr  Brunton.         Hon.  Baron  Clerk  Rattray. 
Rev.  Dr  David  Ritchie.       Right  Hon.  Lord  Chief  Baron. 
Sir  John  Hay,  Baronet        Reverend  Mr  Alison. 


At  this  meeting  the  following  resolution,  moved  by  Dr 
Hope,  and  seconded  by  3ir  Oeorge  Mackenzie,  Baronet,  was 

unanimously  adopted,  and  ordered  to  be  transmitted  to  Sir 
James  Hall,  Baronet. 

"  The  Royal  Society  havmg,  in  compliance  with  the  wish 
of  Sir  James  Hall,  Baronet,  refrained  from  again  placing 
him  at  their  head,  beg  to  avail  themselves  of  this  opportu- 
nity to  offer  him  their  best  thanks,  both  for  his  long  and 
zealous  services  as  their  President,  and  for  the  numerous  va- 
luable communications  with  which  he  has  enriched  their  Trans- 
actions, and  contributed  materially  to  maintain  the  reputation 
of  the  Society/' 

January 
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January  8.  18S1. 
MEMBERS  ELECTED. 
Alexander  Oswald,  Esq. 

James  Wedderburn,  Esq.  his  Majesty's  SolicitorrGeneral. 
Lieutenant-Colonel  Straton,  C  R,  &c  &c 
Dr  Graham,  Professor  of  Botany. 


February  5. 
MEMBERS  ELECTED. 

Foreign  Member. 
Sir  Henry  Bernstein* 

Ordinary  Members. 
A.  N.  Macleod,  Esq«  of  Harris.. 
Sir  James  M.  Riddell,  Baronet 
Archibald  Bell,  Esq.  Advocate. 
John  Clerk  Maxwell,  Esq. 


March  5.  1821. 

MEMBERS  ELECTED. 

FoREioN  Member. 

J.  C.  Oersted,  Secretary  to  1;he  Royal  Society  of  Copenhagen. 

Ordinary  Members. 

The  Right  Honourable  the  Earl  of  Hopetoun,  G.  C.  B. 
John  H.  Wishart,  Esq.  Presid^it  of  the  Royal  Coll^^e  of 
Surgeons. 

John 
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John  Lizars,  Esq.  Surgeon,  Edinburgh. 

Edward  Earl,  Esq.  Chairman  of  the  Board  of  Customs. 

John  Cat,  Esq.  Advocate. 


April  2.  1821. 
MEMBERS  ELECTED. 

Ordinary  Members. 

Sir  Charles  Gikseckb^.  Robert  Hamilton,  M.  D. 

R.  K.  GrRETiLLE,  Esq.  Edinburgh. 


June  4.  1821. 
MEMBERS  ELECTED. 

Ordinart. 
Robert  Allan,  Esq.  Surgeon.        Colonel  Mair. 
Honourable  Lord  Succoth.  A.  N.  Carson,  Esq. 

Sir  David  Milne,  Bart  Dr  James  Buchan. 


November  26.  1821. 

OFFICE-BEARERS. 

Sir  Walter  Scott,  Baronet,  President 
Right  Honourable  Lord  Gray,  1  xt-     -a 
Honourable  Lord  Glenlee,      J   ^'ce-^esidents. 

Dr  Brewster,  General  Secretary. 

Thomas  Allan,  Esq.  Treasurer. 

James  Skene,  Esq.  Curator  of  the  Museum. 

PHYSICAL  CLASS. 

Sir  George  &  Mackenzie,  Baronet,  President 

Alexander  Irving,  Esq.  Secretary. 
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Counsellors  frosA  the  Physical  Cbuss. 
Professor  Russeuu  Hbnry  Jabune^  Escj. 

Dr  HopE^  Sir  James  Hall,  Bart. 

Professor  Wallace.  Dr  Kennedy. 

LITERARY  CLASS. 

Henry  Mackenzie,  Esq.  President. 

Sir  William  Hamilton,  Bart»  Secretary. 

Counsellors  from  the  Literary  Class. 
Sir  John  Hay,  Bart.  Reverend  Mr  Alison. 

Beverend  Dr  D.  Ritchie.  Thomas  Thomson,  Esq. 

Right  Hon.  Lord  Chief-Baron.     George  Forbes,  Esq. 


December  1. 1821. 

MEMBERS  ELECTED. 

Ordinary  Members* 

James  Tytler,  Esq.  of  Woodhouselee,  W.  SI 


January  7. 1822: 

MEMBERS  ELECTED. 

Foreign  Members*. 

M.  Ampere,  Paris* 

M.  Van  Swinden,  Professor  of  Natui^^l  Pbiloaofiliy,. 

Amsterdam. 
M.  Shumacher,  Professor  of  Astronomy^  Copenhagen. 

Ordinary  Members^ 
Francis  Chantry,  Esq.  F.  R.  S.  Lond.  &c. 
Edward  Troughton,  Esq.  F.  B.  S.  Lond. 
James  Smith,  Esq.  of  JordanhilL 
William  Bonar,  Esq* 
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Colin  Mackenzie^  Esq. 
Rev.  H.  Parr  Hamilton^ 


February  4,  1822- 

MEMBEBS  ELECTED. 

Ordinary  Members. 
Captain  J.  D.  Boswall,  R«  N.     James  Graham,  Esq.  Advocate. 
Dr  John  Aitkin,  Edinburgh.      George  Walker  Arnott,  Esq. 


March  4.  1822. 

MEMBERS  ELECTED. 

Foreign. 

Professor  Mohs  of  Freyberg. 

Ordinary. 

Rev.  John  Lee,  M.  D.  Edinburgh.     Richard  Saumarez,  Esq. 

John  Atton,  Esq.  of  Inchdamie. 


June  3. 1822. 
MEMBERS  ELECTED. 
Foreign. 
Baron  Larrey. 
Ordinary. 
Jabies  South,  Esq.  F.  R.  S.  London. 
Lieutenant-Colonel  Martin  Whyte. 
W.  F.  Camprell,  Esq.  of  Shawfield,  M.  P. 
George  Joseph  Bell,  Esq.  Professor  of  Scots  Law. 
Dr  William  Dyce,  Aberdeen. 
W.  C.  Trevelyan,  Esq. 

3x2  November 
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November  25.  1822. 

OFFICE-BEARERS, 

Sir  Walter  Scott,  Baronet,  President. 

Right  Honourable  Lord  Gray,  i  ^r-      n     •  i 
TT  1 1    T     J  i-.  J- Vice-Presidents. 

Honourable  Liord  Glenlee.        ) 

Dr  Brewster,  General  Secretary* 

Thomas  Allan,  Esq.  Treasurer. 

James  Skene,  Esq.  Curator  of  the  Museum. 

PHYSICAL  CLASS. 

Sir  George  S.  Mackenzie,  Baronet,  President 
Alexander  Irving,  Esq.  Secretary. 

CoimseUors  from  the  Physical  Class. 
Henry  Jardine,  Esq.  Dr  Kennedy. 

Professor  Wallace.  Reverend  Dr  Macknight. 

Sir  James  Hall,  Bart.  Robert  Stevenson,  Esq. 

LITERARY  CLASS. 

Henry  Mackenzie,  Esq.  President. 

Sir  William  Hamilton,  Baronet,  Secretary. 

Counsellors  from  the  Literary  Class« 
Right  Hon.  Lord  Chief-Baron.       George  Forbes,  Esq 
Reverend  Dr  David  Ritchie.  Hon.  Lord  Meadowbakk. 

Thomas  Thomson,  Esq.  Professor  Wilson. 


December  2.  1822. 
MEMBERS  ELECTED. 
Ordinary. 
Robert  Abercromby,  Esq.  Dr  Shortt,  Edinburgh, 

younger  of  Birkenbog.  Dr  Wallich,  Calcutta. 
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February  8.  1828. 

MEMBERS  ELECTED; 

Honorary. 

M«  GOETHS.^ 


FoREioN  Members. 

M.  De  Candolle,  Geneva.  M.  Brongnxart,  Paris. 

Dr  Olbers,  Bremen.  The  Chevalier  Buro,  Vienna. 

The  Bishop  of  Zealand.  M.  Breislak,  Milan. 

M.  Oriani,  Milan.  M.  Bessel^  Eonigsberg. 
M.  DupiN,  Paris. 

Ordinary  Members. 

Sir  George  Warrender,  Baronet. 

John  Russell,  Esq.  W.  S.  Edinburgh. 

John  Shaw  Stewart,  Esq. 

Dr  Alexander  Hamilton,  Edinburgh. 

Dr  Thomas  Harland,  Scarborough. 

John  Dewar,  Esq.  Advocate,  Edinburgh. 

Right  Hon.  Sir  William  Rae,  Baronet. 

Sir  Robert  Dundas,  Baronet. 

Wiluam  Cadell,  Esq.  of  Cockenzie. 

Sir  William  Kneighton,  Baronet 

Sir  Edward  Ffrench  Bromhead,  Bart,  A.  M.  F.  R.  S. 


The 
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The  Law  of  the  Society,  No.  xvii.,  having  been  altered,  in 
terms  of  the  Charter,  so  as  to  authorise  the  electicm  of  two 
Resident  Vice-Presidents,  these  two  offices  were  filled  up  on 
the  3d  February  1823,  as  foUows : 


Dr  Thomas  Charles  Hope,  )         Resident 
Professor  Russell,  J  Vice-Presidents. 


March  3. 1823. 

MEMBERS  ELECTED. 

Ordinabt. 

Sir  James  Stuart  of  Allaidbank,  Baronet 

Sir  Andrew  Hal^^jdat,  Knight,  Riysician  to  his  Royal 

Highness  the  Duke  of  Oarence. 
John  Bonar,  Esq.  younger  of  Eimmerghame. 
Alexander  WaddxlLj  Esqi- 
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LIST  ofthePrefent  ORDINARY  MEMBERS  of  the 
ROYAL  SOCIETY  of  EDINBURGH,  in  the  Order  of 
their  Election. 


His  Majesty  THE  KING 

Pateon. 

Andrew  Duncan  senior^  M.  D.  Prqftssor  of  the  Theory  of  Physic. 

Dr  James  Hamilton  eenioTj  Physician j  Edinburgh. 

Sir  William  Miller,  Baronet,  Lord  Glenlee. 

James  Russell,  Esq.  Profeeeor  qfClimcai  Surgery. 

Charles  Stuart,  M.  D.  Physician,  Edinburgh. 

Dugald  Stewart,  Esq. 

T7ie  above  GenOemen  were  Members  qf  the  Edinburgh  Philosophical^ 
Society. 

1788.  Sir  Ilay  Campbell,  Bart 

Honourable  Lord  Hermand. 
Honourable  Baron  Hume. 
Henry  Mackenzie,  Esq. 
Honourable  Lord  Bannatyne. 

Reverend  William  Trml,  LL.D.  Chancellor  qfSt  Saviour'Sf  Connor. 
The  ab&oe  GenUemen  were  associated  ToUh  the  Members  of  the  Philoso- 
phical Society  at  ffie  Institution  qf  the  Royal  Socie^  in  1783*    The 
Members  which  foBow  were  regularly  elected. 

1784.  Sir  James  Hall,  Bai^Hiet,  F.R.  S.  Lond. 
Reverend  Archibald  Alison,  LL.B. 

1785.  James  Hare,  M.  D.  laie  of  Calcutta. 

1786.  Robert  Blair,  M.  D.  Professor  qf  Practiced  Astrommy. 

1787.  James  Home,  M.  D.  Prqfemr  tfihe  Practice  of  Physic. 

1788.  Thomas  Charles  Hope,  M.  D.  F.  R.  S.  Lond.  Professor  qfChemietry. 
Right  HonoiH^ble  Cfaarfes  Hc^,  Lord  President  of  the  Court  of  Session.- 

1790.  William  Farquharson,  M.  D.  Surgeon^  Edinburgh. 
1798.  Andrew  Coventry,  M.  D.  Prqfessor  qf  Agriculture* 
179S.  Sir  Alexander  Muir  Mackenzie,  Bart.  ofDelvin. 
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1795.  The  very  Reverend  Dr  Greorge  Husband  Baird,  Principal  of  ihe  Universify, 
Robert  Hamilton,  Esq.  Professor  of  Public  Law. 

1796.  Greneral  Dirom  of  Mount  Annan,  F.  R.  S.,  Lond 
Reverend  Sir  Henry  Moncreiff  Wellwood,  Bart 
The  HonouraUe  Baron  Sir  Patrick  Murray,  Baronet. 
Andrew  Berry,  M.  D,  Edinburgh. 

1797.  Andrew  Duncan j^uneor,  M.  D.  Prcfessof  ofMaieria  Medico, 

1798.  Alexander  Monro,  M.  D.  Prqfessor  qfAnaJbrnny^  4^. 
Right  Honourable  Sir  John  Sinclair,  Bart. 

1799.  Reverend  Thomas  Macknight,  D.D. 
Honourable  Lord  Robertson. 

Sir  George  Mackenzie,  Baronet,  F.  R.  S.  Lond. 
Robert  Jameson,  Esq,  Professor  of  Natural  History, 

1800.  Sir  William  Arbuthnot,*Bart 
Gilbert  Innes,  Esq.  of  Stow. 

S'ur  Walter  Scott,  Baronet,  of  AhbotafML 

Reverend  Andrew  BelL 

Colonel  W.  Robertson  Macdonald, 

1803.  Reverend  John  Jamieson,  D.  D. 
Thomas  Telford,  Esq.  Civil  Engineer. 
James  Bryce,  Esq.  Surgeon^  Edifibwrgh. 
Reverend  Dr  Andrew  Brown,  Professor  of  Rhetoric. 

1804.  William  Wallace,  Esq.  Professor  qf  Mathematics. 
General  Vyse. 

Sir  William  Forbes,  Bart  qfPitsUgo. 
Alexander  Irving,  Esq.  Professor  of  Civil  Law. 

1805.  Thomas  Allan,  Esq.  F.  R.  S.  Lond. 

Thomas  Thcnnscm,  M.  D.  F.  R.  S.  Lond.  Professor  cf  Chemistry,  Glasgow. 

1806.  Robert  Ferguson,  Esq.  ofRaith,  F.  R.  S.  Lond. 
George  Bell,  Esq.  Surgeon,  Edinburgh. 
George  Dunbar,  Esq.  Professor  qf  Greek. 

1807.  Sir  James  Mcmtgomery,  Baronet,  qfStanhcpe,  M.  P. 
John  Barclay,  M.  D.  Lecturer  on  Anatomy j  ^c. 
John  Leslie,  Esq.  Prqfessor  of  Natural  Philosophy. 
John  Campbell,  Esq.  qfCarbrodk. 

Thomas  Thomson,  Esq.  Advocate. 
William  Eraser  Tytler,  Esq.  Advocate. 

1808.  James  Wardrop,  Esq.  Surgeon  Extraordinary  to  his  Mafesiy. 
David  Brewster,  LL.D.  F.R.S.  Lond. 

1810.  Reverend  Dr  William  Ritchie,  PrqfM&r  of  Divinity. 

1811.  Charles  Bell,  Esq.  Surgeon^  London.  ^ 
Alexander  Ninmio,  Esq.   Civil  Engineer. 
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1811.  Reverb  AncU^ew  $tewart,  M.D.  Ehntyre. 
Reverend  David  Ritchie,  D.D.  Professor  rf Logic. 

His  Excellency  Sk  T,bqm4s  Bmbeme,  JK.  C.  Bi  <j(XPem<>r  ^  Nm  South 
Wales. 

1812.  Right  Honourable  Lord  Gray,  F.R.S.]^nA 
General  Dyce. 

John  Thomson,  Jf.  D.  Phffsidqny  Edinburgh. 

James  Jardine,  Esq.  CivU  Engirieer, 

Captean  Basil  Hall,  B.  N.  F.  R.  S.  Lond 

J.  G.  Children,  Esq.  F.  R.  S.  LonA 

Alexander  Gillespie,  Esq.  Surgeouj  Edinburgh, 

W.  A.  Cadell,  Esq.  F.R.  S.  Lond. 

Macvey  Niqiier,  Eaq.  F.  B.  S.  Lond 

James  Millar,  Esq.  Professor  of  Humamiy, 

Sir  George  Clerk,  Bart.  M.  P.  and  F.  R.  S.  Lond, 

Daniel  Ellis,  Esq. 
1818.  William  Sommerville,  M.  D.  F.  R.  S.  Lpnd. 

James  Hare,^n.  M.  D.  late  qf  CalcuUcL 

Henry  Davidson,  M.  D.  P^sidan  in  Edinburgh* 
1814.  Henry  Ja]:dine,,£0q.  King^s  Reme$nbrancer  in  Exchequer.  y 

Patrick  Neill,  Esq.  Secretary  iq  the  Wemman  und  Horticultural  Societies, 

Right  Honourable  Lord  Viscount  Arbuthnot. 

Reverend  John  Thomson,  Duddingston. 

Reverend  John  Fleming,  D.  D.  Flisk. 

John  Cheyne,  M.  D.  Physician^  Dublin. 

Sir  James  Mackiatoab,  JBjiigbt,  M.>P. 

Lieut-Colonel  Tyder, 

Reverend  Alexander  Brunton,  D.  D.Pro/bssor  ofOrienM  Languages^ 

Professor  George  Glennie,  H^trischaU  QMege^  Aberdeen. 
1816.  G*lh^rt>Lai^  Meason,  Esq.  dtfLin^ertis. 

Robert  Stevenson,  ^Esq*  jCi[vil  Engineer. 

Sir^Thomas  Dick  Lauder,  Bart  of  FountainhaJL 

John  Yule,  M.  D.  Physician  in  Edinburgh. 

Henry  Home  Drummond,  Esq.  of  Blakr^Drummxyniy  M.  P. 

Charles  Granville  Stewart  Mecfteath,  ^Esx{,  of  Chsebum. 

William  Thomas  Brande,  Esq.  F.  R.  S.  I^nd.  and  Prffesser  of  Chemistry 
in  the  Royal  InstUtUion. 
1816.  Major  Thomas  Cdthy^  Royal  Enginesrs. 

Leonard  Homer,  Esq.  F.'B.  S.  Ixmd. 

Henry  Colebrooke,  Esq. 

Reverend  George  Cook,  D.  D.  Laurencekirk. 
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Right  Honourable  William  Adam,  Lard  Chief  Commismoner. 

John  Fullerton,  Esq.  Advocate. 

Thomas  Jackson,  LL.D.  PrqfissBor  of  Natural  I^Uoiophy^  St  Andren^t 

John  Bobison,  Esq. 

Hugh  Murray,  Esq. 

1817.  The  Honourable  Baron  Clerk  Rattray. 

Right  Honourable  the  Earl  of  Wemyss  and  March. 

Francis  Hamilton,  M.  D.  F.  R.  S.  and  F.  A.  S.  Lond. 

John  Wilson,  Esq.  Professor  of  Moral  Philosophy. 

Honourable  Lord  Meadowbank. 

John  Fleming,  M.  D.  late  tf  Calcutta, 

James  Hamilton  Dickson,  M.  D.  CKfion. 

William  P.  Alison,  M.  D.  Professor  of. (he  Theory  of  Physic. 

James  Skene,  Esq.  ofRubislaw. 

John  Howel,  M.  D. 

Reverend  Robert  Morehead,  Edinburgh. 

Robert  Bald,  Esq.  CivU  Engineer. 

Thomas  Sivright,  Esq.  of  MeggeUand. 

1818.  William  Richardson,.  M.  D.  Physician^  Rarrewgaie. 
Honourable  Captain  William  Napier  of  Merchistonf  R.  N.. 
Harry  William  Carter,  M.  B.  Oxford. 

Patrick  Miller,  M.  D.  Exeter. 

John  Crmg,  Esq.  Edinburgh. 

John  Watson,  M.  D. 

Captain  Thomas  Brown,  F.  L.  S. 

John  Hope,  Esq.  His  Majeehfs  SoUcUor-General: 

Major  James  Alston  of  Auchenard. 

William  Ferguson,  M.  D.  Windsor. 

Sir  William  Hamilton,  Bart.  Professor  of  CivU  History. 

1819.  Right  Honourable  Lord  John  Campbell,  F.  R.  S.  Lond.  and  M.  R.  L 
Sir  John  Hay,  Bart.  ofSfmOiJield  and  Hayston. 

Dr  Shoolbred,  Calcutta. 

Patrick  Eraser  Tytler,  Esq.  Advocate. 

Colonel  David  Stewart  of  Garth, 

Patrick  Murray,  Esq.  of  Simprim. 

James  Muttlebury,  M.  D.  Ba;^. 

Thomas  Stewart  Traill,  M.  D.  Liverpool: 

Alexander  Kennedy,  M.  D:  Physician^  Edinburgh^. 

l|f  r  Alexander  Adie,  Optician,  Edinburgh, 

William  Couper,  M.  D..  Qlasgon 
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John  Hennen,  M.  D. 

JohnVeitch,  M.D. 

Andrew  Waddd,  Esq.  HermOage  BUL 

Marshall  HaU,  M.  D.  Nottingham, 

John  Borthwick,  Esq.  Advocate. 

Richard  Phillips,*  Esq.  London* 

William  Scoresby,  'Esq.jun.  Liverpool. 

George  Forbes,  Esq.  Edinburgh. 
1820.  James  Hunter,  Esq.  qfThtrston. 

Right  Honourable  Da^id  Boyle,  Lord  Juitke^Cltrk. 

James  Keith,  Esq.  Surgeon^  Edinburgh. 

lU^t  Honourable  Sir  Samuel  Shepherd,  Lord  Chi^-Baron. 

James  Naime,  Esq.  W.  S.  Ectinburgh. 

John  Colquhoun,  Esq.  Jdvocaie. 

Sir  Henry  Raebum,  Knight 

Lieutenant-Colonel  M.  Stewart 

Charles  Babbage,  Esq.  F.  R.  S,  Lond. 

Thomas  Guthrie  Wright,  Esq.  Auditor  ofihe  Court  of  Session. 

John  F.  W.  Herschel,  Esq.  F.  R.  S.  Lond. 

Adam  Anderson,  Esq.  A.  M.  Rector  of  the  Academy^  Perth. 

John  Shank  More,  Esq.  Advocate. 

William  Hall,  Esq.  A.  M. 

Dr  Grebrge  Augustus  Borthwick,  Surgeon^  Edinburgh. 

Robert  Dimdas,  Esq.  o^^mi^^on. 

Samuel  Hibbert,  M.  D.  Edinburgh. 

Rev.  Robert  Haldane,  D.  D.  Principal  rfSt  Mary's  College^  St  Andrew's. 

Sir  John  Meade,  M.  D.  Wqpnouth. 

Thomas  Kinnear,  Esq.  Edinburgh. 

Dr  William  Macdonald  qf  Bally^hear . 

John  Hay,  Esq.  younger  ofSmit^eld  and  Hayston. 

Captun  Robert  Hay,  R.  N. 

George  BallingaU,  M.  D.  Professor  qfMHiiary  Surgery. 
18S1.  Lieutenant-Colonel  Straton,  C.  B.,  &c.  &c. 

Robert  Graham,  M.  D.  Professor  of  Botany. 

A  N.  Macleod,  Esq.  of  Harris. 

Sir  James  M.  Riddell,  Bart  qfArdntmiurchan. 

Archibald  Bell,  Esq.  Advocate. 

John  Clerk  Maxwell,  Esq.  Adooaxte. 

The  Right  Honourable  tba  Earl  of  Hopetoun,  G.  C.  B. 

John  H.  Wishart,  Esq.  Surgeon^  EdkiburgJi. 

John  Lizars,  Esq.  Surgeon,  Edinburgh. 
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Edward  Earl,  Esq.  Chairman  of  the  Board  of  CuHoms, 

John  Cay,  Esq.  Advocate. 

Sir  Charles  Gieakcki,  Professor  of  Mineralogy  to  the  DubUn  Socieiy. 

Robert  Kaje  Greville,  Esq.  EdinburgfL 

Robert  Hamilton,  M.  D.  Edinburgh. 

Robert  Allan,  Esq.  Surgeon,  Edinburgh, 

Honourable  Lord  Succotb. 

Sir  David  Milne,  Bart. 

Colonel  Mair,  Deptdy^Gaoemor  of  Fort  George, 

A.  N.  Carson,  Esq.  RecUyr  of  the  High  School, 

James  Buchan,  M.  D.  Physician,  Edinburgh, 

James  Ty  tier,  Esq.  of  Woodhmselee,  W.  S. 

1822.  Francis  Chantry,  Esq.  F.  R.  S.  Lond.  &c. 
Edward  Troughton,  Esq.  F.  R.  S.  London,  &c. 
James  Smith,  Esq.  ofJordarMM, 

WilUam  Bonar,  Esq.  Edinburgh, 

Colin  Mackenzie,  Esq.  Deputy  Keeper  of  the  Signet- 

Rev.  H.  Parr  Hamilton,  Cambridge. 

Captain  J.  D.  Boswall,  R.  N.  of  Wardie. 

Dr  John  Aitkin,  Physician,  Eidinburgh, 

James  Graham,  Esq.  Advocate, 

Greorge  A.  Walker  Amott,  Esq.  Advocate. 

Rev.  John  Lee,  M.  D.  Edinburgh. 

John  Ayton,  Esq.  qflnchdamie, 

Richard  Sawnarez,  Esq. 

James  South,  Esq.  F.  R.  S.  Lond. 

Lieutenant-Colonel  Martin  Whyte,  Edinburgh, 

Walter  Frederick  Campbell,  Esq.  qfShawfidd,  M.  P. 

Greorge  Joseph  Bell,  Esq.  Professor  of  Scots  Law, 

Dr  William  Dyce,  Aberdeen. 

W.  C.  Trevelyan,  Esq.  WaJUngton. 

Robert  Abercromby,  Esq.  younger  qfBirkenbog, 

Dr  Shortt,  Edinburgh. 

Dr  Wallich,  Calcutta. 

1823.  The  Right  Honourable  Sir  George  Warrender,  Bart.  qfLochmd, 
John  Russell,  Esq.  W.  S.  Edinburgh, 

John  Shaw  Stewart,  Esq.  Advocate. 

Alexander  Hamilton,  M.  D.  Physician,  Edinburgh, 

Thomas  Harland,  M.  D.  Physician,  Scarborough. 

John  Dewar,  Esq.  Advocate,  Edinburgh. 

Right  Honourable  Sir  William  Rae,  Bart  of  St  Ca^arintfs,  Lord  Advocate. 

Sir  Robert  Dundas,  Bart. 
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WilUam  Cadell,  Esq.  ofCockenzie. 

Sir  William  Knij^ton^  Bart 

Sir  Edwaid  French  Bromhead,  Bart.  A.  M.  F.  R.  S.  Lond.,  ThurUhy  HaU. 

Sir  James  Stuart,  Bart  of  AUanbank, 

Sir  Andrew  Halliday,  Knight,  Phyiician  to  His  RoycA  Highness  ihe  Duke 

of  Clarence. 
John  Bonar,  Esq.  younger  of  Ktmrnerghame. 
Alexander  Waddell,  Esq. 
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LIST  of  NON-RESIDENT  and  FOREIGN  MEMBERS, 

elected  under  the  Old  Laws. 


Sir  Gilbert  Blane,  M.  D.  F.  R.  S.  London. 

John  Hunter,  LL.  D.  Professor  ofHumanUjf,  St  Andrettfs, 

George  Jardine,  A.  M.  Prqfessor  of  Logic,  Glasgow. 

John  Rogerson,  M.  D.  of  Wamphray. 

Right  Honourable  the  Earl  of  Morton,  K.  £. 

Right  Honourable  the  Earl  of  Dundonald. 

Right  Honourable  Sir  Robert  Liston,  Bart. 

The  Most  Noble  the  Marquis  of  Lothian,  K.  T. 

Mr  Jefferson. 

M.  Le  Chevalier,  Paris. 

Dr  S.  L.  Mitchill,  New  York. 

Right  Honourable  Thomas  Wallace,  Esq.  qfCarlUm  HaH 

Reverend  Thomas  Somerville,  D.  D.  Jedburgh. 

John  Gillies,  LL.D.  Historiographer  to  his  Myesty, 

Robert  Freer,  M.  D.  Professor  of  the  Theory  and  Practice  qfPhysky  Glasgow. 

M.  A.  Pictet,  Geneva. 

M.  P.  Prevost,  Geneva. 

Rev.  Walter  Fisher,  Cranston. 

Reverend  Bishop  Gleig,  Stirling. 

Charles  Hatchett,  Esq.  F.  R.  S.  Lond. 

Major  Rennel,  F.  R.  S.  Lond. 

Sir  Henry  Stuart,  Bart.  ofAUanion, 

Matthew  Bidllie,  M.  D.  London. 

Sir  William  Blizzard,  M.  D.  F.  R.  S.  London. 

Thomas  Blizzard,  Esq. 

Sir  William  Ousely,  Bart 

The  Right  Honourable  the  Earl  of  Traquair. 

Sir  William  Drummond,  Bart,  of  Logic- Almond 

Sir  John  Macgregor,  M.D.  . 

Richard  Chenevix,  Esq.  F.  R.  S.  Lond. 

Right  Honourable  Lord  Glenbervie. 

Richard  Griffiths,  Esq.  CivU  Engineer. 
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LIST  of  HONORARY  and  FOREIGN  MEMBERS, 

elected  under  the  New  Laws. 


HONORARY. 


The  Marquis  Laplace,  Member  of  the  InstiiuU' of  France^ 

Baron  Cuvier,  Secretary  to  the  Institute  of  France. 

M.  Humboldt,  Mefnber  qfihe  InstUute  ^France. 

Sir  Humphry  Davy,  Bart  P.  R.  S.  Lond. 

M.  Gkiy  Lussac,  Member  qftite  InHiiute  of  France^ 

M.  Biot^  Member  ol  the  InetihUe  qf  France. 

M.  Arago,  Member  qfihe  InstUute  ^France. 

His  Royal  Highness  Prince  Leopold. 

His  Royal  Highness  the  Archduke  Maximilian^ 

Count  Itterburg. 

T^  abooe  Members  were  elected  before  the  new  class  qf  Foreign  Members  was 
established. 

His  Imperial  Highness  the  Archduke  John. 
M.  Le  Chevalier  Joseph  Hammer. 
M.  Goethe. 

FOREIGN. 

M.  Le  Chevalier  Legendre,  Member  qfthe  InstUuU  qf  France, 

M.  Pmsson,  Member  qfthe  InstUute  of  France. 

M.  Vauquelin,  Member  of  the  InstUute  qf  France. 

M.  Prony,  Member  of  the  Institute  tf  France. 

M.  Brochant,  Member  qfthe  Institute  cf  France. 

Baron  Leopold  Von  Buch,  Berlin. 

M.  Gauss^  Prqfkssor  qf  Mathematics^  Gottingen. 

M.  Blumenbach,  Prqfessor  (^Natural  History ^  Gottingen. 

Jacob  Berzelius,  M.  D.  F.  R.  S.  Lond.  Prqfessor  qf  Chemistry^  Stockholm. 

Cdunt  Volta,  Coma. 

M.  J.  C.  L.  Simonde  de  Sismondi.. 

Baron  Degerando. 
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Baron  Krusenstern,  Member  of  the  AcQdemy  ofSdencez  ai  Si  Petersburg. 

M.  Oersted,  Secretary  to  the  Royal  Society  tf  Copenhagen, 

M.  Ampere,  Member  qfihe  Imikute^Fremee. 

M.  Van  Swinden,  Professor  of  Natural  Philosophy ,  Amsterdam. 

M.  Shumacher,  Professor  of  Astronomy  at  Copenhagen. 

M.  Mdis,  'Prqfe98or  ofMinerahgy  at  Fr^/ber^. 

M.  Kaussler,  St  Petersburg. 

David  Hosack,  M.  D.  F.«.«.  New  York. 

Nathaniel  Bowditch,  Esq.  Salem^  Massachusets. 

Baron  Larrey,  Member  of  the  InslUute  ^Trance. 

Sir  Henry  Bernstein,  Professor  of  Oriental  Literature  in  the  University  of  Berlin. 

M.  De  Candolle,  Geneva. 

Dr  Olbers,  Bremen. 

The  Bishop  of  Zealand,  Copenhagen. 

M.  Oriani,  MUan. 

M.  Dupin,  Member  of  the  Institute  qfFnmce. 

M.  Brongniart,  Member  of  ihe  Institute ^Frwtee. 

The  Chevalier  Burg,  Vienna. 

M.  Breislak,  Milan. 

M.  Bessel,  Konigsberg. 
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LIST  of  Deceased  Members  from  1799  to  March  1.  l%%%^Contmued 
from  Vd.  IV.  p.  87.  * 


1799. 
T^ov.  16.  Rev.  Dr  Thomas  Robertson^ 
Dalmeny. 
26.  Dr  Joseph  Black. 
Commissioner  Edgar. 

1800. 
"Nov.    5.  Mr  Jesse  Ramsden. 

10.  Baron  Grordon. 
Dec.  27.  Dr  Hugh  Bhir. 
Jan.    7.  William  Twt,  Esq. 
William  Hall,  Esq. 
Alex.  John  Alexander,  Esq. 


1«01. 

Andrew  Lumsden,  Esq. 

Dr  Richard  Pulteney. 

June  19. 

Lord  Stonefield; 

1808. 

Jan.     6. 

John  Macgowan,  Esq. 

Mar.  18. 

General  Fletcher. 

Apr.     2. 

Sir  James  Montgomery,  Bart 

Lord  Chief-Baron. 

6. 

Sir  William  Hamilton,  Bart. 

19. 

John  Grieve,  Esq. 

May  16. 

Robert  Kennedy,  M.  D. 

Aug.  18. 

Dr  Beattie. 

Mr  J.  Lindsay,  Jamaica. 

Nov.    6. 

Robert  Arbuthnot,  Esq. 

J.  Robertson,  Register-Office. 

Dec.  28. 

Professor  Baron,  St  Andrew's. 

81. 

Rev.  Dr  Walker. 

1806. 
Jan.  30.  Professor  John  Robison,LL.D. 
Aug.-28.  Rev.  DrCarlyle. 
Dec.    7.  Professor  John  Hill,  LLJl 

1806. 
April  4.  Benjamin  Bell,  Esq. 
Nov.  10.  Sir  William  Forbes,  Bart. 
Dec    8.  Professor  Andrew  DalzelL 

1807. 
Mar.  22.  John  Morthland,  Esq. 
May  25.  Professor  Nicolas  Vilant. 
Aug.80.  Mathew  Guthrie,  M.D.  St  Pe^ 
tersburg. 

1808. 
-Jan.  28.  Dr  James  Finlayson,  Profes- 

sor  of  Logic. 
Aug.  23.  Ittev.  Dr  Alex.  Small,  Dundee. 
Sept.    4.  John  Home,  Esq. 
Oct.   16.  Dr  James  Anderson. 

180a 
Feb.  17.  Dr  John  Hunter. 
Mar.    6.  Right  Hon.  The  Earl  of  Dun- 

more. 
Apr.  22.  Rev.  Dr  Andrew  Hunter,  Pro- 

fessor  of  Divinity. 
May    8.  Dr  Alexander  Hunter. 

22.  Dr  Hugh  Macleod. 
Aug.    S.  Dr  Andrew  Mackay. 
17.  Matthew  Boulton,  Esq. 


*  This  List  is  veK7impw!;M9i,4o  cpnkeqiiaKe  of  no  record  of  Deceased  Mmliemliilviiv.betn  kept;  .but  \ 
it  coDtains  the  names  of  most  of  those  Members  who  contribated  to  the  prosperi^  of  the  Society. 
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Aug.  S9.  General  Robert  Melville, 
Jan.  25.  Caleb  Whiteford,  Esq. 

1810. 
Aug.    6.  Dr  James  Anderson. 
Oct.    28.  Honourable  Lord  Cullen. 

Bartholomew  Parr,  M.D.  Exe- 
ter. 
Dec.  16.  James  Flmt,M-D.  St  AndrewV 
18.  Sir  James  Grant,  Bart. 

1811. 
Feb.    S.  Dr  John  Rutherford; 

9.  Rev.  Dr  Maskelyne. 
Mar.  23.  Sir  William    Naime,    (Lord 

Dunsinnan). 
May  10.  Dr  Anderson,  St  Vincent's. 
20.  Lord  President  Blair. 
29.  B%htHon.LordVi9count  Mel- 
ville. 
Sept.   8.  P.  Simon  Pallas,  M.  D. 
Dec.    7.  John  Burnet,  Esq. 

1812. 
Mar.    1.  Dr  Maxwell  Garth^re. 
May  10.  John  Clerk,  Esq.  ofEldin. 
June    1.  Richard  Eirwan,iBsq. 

n.  Rev,  Dr  William  Moodie,  Pro- 
fessor oi  Oriental  Languages. 

1813. 
Jan.     5.  The  Hon.  Alexander  Eraser 
Tytler,  Lord  Woodhouselee. 
April  10.  M.  Le  Comte  Lagrange. 

16.  Rev.  Alex.  Murray,  D.  D. 
July    8.  Honourable  Lord  Craig. 

1814. 
I^ht  Hon.  The  Earl  of  M'mto. 
Aug.    6.  Rev.  Walter  Young,  D.  D. 
Aug..       Count  Bumford. . 


tatik 

Jan.  11.  Ri^tHon.  Lord  Seoforth. 
Jan*  14.  WiUiam  Creeob,  £tq. 
Feb.  10.  Dr  William  Roxburgh. 


1816. 

Feb.  22. 

Dr  Adam  Ferguscm. 

May  29.  Right  Hon.  James  Earl  of 

Hopetoun. 

June  14. 

Honourable  Alan  Maconocbie, 

Lord  Meadowbank. 

1817. 

May  30. 

Dr  William  Saunders. 

June  30. 

James  Glenie,  Esq.  F.R.S. 

Lond. 

June  30. 

Professor  Werner  of  Freyberg. 

Sep.    8. 

James  Byres,  Esq. 

Sept  18. 

Dr  Wells. 

Oct      2. 

Dr^Alexander  Monro. 

1818. 
Jan.  24.  Robert  Beatson,  LL.D. 
June  14.  Dr  John  Grordon. 
June  19.  Patrick  Brydone,  Esq. 
Aug.  30.  Robert  Wilson,  Esq. 
Dec.  12.  Sir  John  H^derson,  Bart. 

1819. 
Feb.  14.  Professor  WilliMn  Ogilvic 
17.  Greorge  Ranken,  Esq. 
26.  Alexander  E^th,  Esq. 
AprillO.  Right  Hon.  Lord  Webb  Sey- 
mour. 
May  26.  Rev.  Principal  Playfair. 
June  17.  Lord  Chief-Baron  Dundas. 
24.  SirGeorge  Buchan-Hepburn, 
Bart 
July  20.  Professor  Playfair. 
Aug.  18.  Adam  Rolland,  Esq. 
25»  James  Watt,  Esq. 
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Sept  19.  Dr  WiUiam  Wri^t. 
Dec.  15.  Dr  Daniel  Rutherford. 
Dec.  19.  Rev.  Prindpal  Hill. 

1820. 
April  1.  Right  Hod.  the  Earl  of  Sel- 
kirk. 
April  2.  Dr  Thomas  Brown. 
June  19.  Honourable  Baron  Norton. 

20.  Sir  Joseph  Banks^  Bart. 
June  22.  Dr  John  Murray. 

85.  Professor  Christison. 
Nov.  IS.  Lieutenants-Colonel  Imrie. 

18.  Profeflsor  John  Young. 

1821. 
Mar.  25.  James  Bonar,  Esq. 
April  2.  Dr  James  Gregory. 

12.  Alexander  Oswald,  Esq. 


July    9.  William  Douglas,  Esq. 
Aug.  29.  James  Rolnnson  Scott,  F.  L.  S. 
June  18.  Professor  Cleghom. 
Oct.   4*  John  Remiie,  Esq. 

1822. 
Mar.  27.  Sk  Alexander  Boswell,  Bait. 

The  Ahhi  HaCiy. 
Aug.  19.  M.  Le  Chevalier  Delambre. 
Sept.  80.  Hay  Donaldson,  Esq.  W.  S. 
Oct  19.  Tha  Mackenzie,  Esq.  of  Apple- 

cross,  M.P. 
Nov.    7.  James  Wedderbum,  Esq.  His 

Majesty's  Solidlor«6eneraL 
Nov.  10.  Dr  Patrick  Copland. 

1828. 
Jan.  19*  Dr  Henry  Dewar. 
Feb.  10.  Charles  Hutton,LL.D.,  F.  R.  S. 


Jx2 
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PRESENTS  received  by  the  ROYAL  SOCIETY 
of  EDINBURGH  since  181 K 


1812.  BBESXKT8. 

Mar.   2*  American  Mineralogical  Journa],  Nos.  l8t>  2d^ 
and  8d.    Edited  by  Dr  Bruce. 
Inquisitionum  ad  Capellam  Domini  Regis  Re- 
tomatarum^  &c.  Abbreviation  in  S  rolumes 
to&o. 
181S. 
Jan.  18.  Memoirs  of  the  Wemerian  Natural  History  So- 
ciety of  Edinburgh,  vol.  Ist 
On  the  Mineralo^  c^  the  Vicinity  ot  Dublin, 

London,  1812,  by  W.  Fitton,  M.  D. 
Raports  on  the  General  Management  of  Arable 

Lands,  by  Robert  Kerr,  M.  D. 
Agricultural  Report  of  Berwickshire,  by  Ro- 
bert Kerr,  M.  D. 
Apr.    5.  Report  respecting  the  supply  ci  Water  to  the 
City  oi  Edinburgh. 
Du  Calorique  Rayonnante,  par  M.  P.  Prevost 
Apr.  19.  A  Collecdon  of  specimens  ot  Flints. 
May    8.  On  Scottish  Gardens  and  Ordugds,  by  Patrick 
Neffl,  aSsq. 
17.  Memoirs  of  the  Literary  and  Philosophical  So- 
ciety of  Manchester,  vol.  2d  of  the  Sd  series. 

Agricultural  Report  of  Berwickshire,  and  Sketch 
of  a  general  Report  respecting  the  Agricul- 
ture of  Scotland,  by  Mr  Kerr. 
81.  The  Head  and  Horns  of  a  large  Animal  of  the 
Ox  kind,  found  in  a  moss  near  Dimse. 
Not.  1.  Transactions  of  the  R<^al  Society  of  London^ 
part  2d  for  1811,  yd.  for  1812,  and  part  1st 
forlSlS. 

Transactions  of  the  Philoso|Jiical  Society  of 
Manchester,  toI  2d  of  the  new  series. 

Joumid  des  Mines,  from  July  1811  to  Jime 
1812. 


DOMoms.. 

The    Commissioners    of 
Public  ReoHds. 


The  Wemerian  Natural 

History  Society. 
DrFitton. 

Dr  Robert  Kerr. 

Dr  Robert  Kerr. 

Thomas  Allan,  Esq^ 

M.  P.  Prevost. 
Thomas  Allan,  Esq. 
Patrick  Neill,  Esq. 

The  Literary  and  Philo* 
sophical  Society  of 
Manchester. 

The  Author. 

Mr  Watson  of  Dunse. 

The  Royal  Sodety  of 
London. 

The  Phik)6(q)lucal  Sodety 

of  Manchester. 
ThcHnaa  Allan,  Esq. 
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1814. 
Apr.    4. 


Translation  of  Daubuisson^s  account  of  the  Ba- 
salts of  Saxony,  hy  Mr  NeilL 
18.  Treatise  on  New  Philosophical  Instruments,  by 
Dr  Brewster. 
Wemer'*s  Nomenclature  of  Colours,  with  addl- 
tions,  by  Mr  Patrick  Syme,  Edinburgh,  1821. 
Nov.    7.  M^moires  de  PAcademie  Imperiale  des  Sciences 
de  St  Petersburg,  voh.  1st,  2d,  and  8d. 

Memoirs  of  the  Wemerian  Natural  History  So- 
ciety, vol.  2d.  part  1st 
Account  of  the  Life  and  Writings  of  Dr  Robert 

Simson,  by  jhe  Rev.  Dr  Trail. 
20.  The  Transactions  of  the  Royal  Danish  Society, 

from  1781  to  1808,  5  vols.  4to. 
Transactions  of  the  Royal  Society  of  Copenhagen, 

vok  2d,  3d,  4th,  and  6th,  4to.  from  1783  to 

1799. 
The  Transactions  of  the  Geological  Society  of 

London,  vols.  Ist  and  2d. 
Dec.  19.  A  Drawing  and  Description  of  a  remarkable  Pe- 
trifaction found  near  Ardrossan. 
Treatise  on  the  Diuretic  Properties  of  the  Pyrola 

umbellata,  by  Dr  SomerviUe. 


1815. 
Feb.  20. 


List  of  Mineralo^cal  Synonimes  and  Analyses,  by 

Thomas  Allan,  Esq. 
Notitia  Collectionis  Vermium. 


^lar.  20.  M^moires  de  TAcademie  Imperiale  des  Sciences  de 
St  Petersburg,  vol.  4th. 

Nov.    6.  A  Collection  of  Minerals. 

An  Account  of  a  Stone  which  fell  from  the  At- 
mosphere near  Bombay,  translated'  from  the 
Persian. 

The  Acts  of  the  Parliament  of  Scotland,  vols.  2d 
and  3d. 

Registrum  Magni  Sigilli  Sootias. 

Reports  of  the  Pestilential  Disorder  in  Andalusia, 
by  Sir  James  FeHowes,  M.  D.  Lond.  1815. 
Dec.    4.  Tlie  Materia  Medica  of  Hindostan,  1  vol.  4eo. 
Madras,  181S. 
The  Hunterian  Oration,  by  Sir  William  BHzssard, 
Knight 
18.  Th6  Transactions  of  the  Literarjr  and  Philosofrfri- 
cal  Society  of  New  York,  vol.  1st.  4to. 


nONOBS. 

Patrick  Neill,  Esq. 
Dr  Brewster. 
Mr  Blackwood. 

The  Royal  Academy  of 
Sciences  oi  St  Peters, 
burgh. 

The  Wemerian  Natural 
Histoiy  Society. 

Rev.  Dr  Trail 

Sir  George  S.  Mackenzie, 

Baronet 
Sir  George  S.  Mackenzie, 

Baronet. 

The  Geological  Society  of 

London. 
The  Earl  of  Eglinton. 

Dr  Somerville. 

Thomas  Allan,  Esq. 

From  the  Museum  of  Na- 

tural    History  at   Vi- 

enna. 
The  Royal  Academy  of 

Sciences  of  St  Peters^ 

burgh. 
Captain  Basil  Hall. 
Captain  Basil  Hall. 

Commissioners  of  the  Pu- 

blic  Records. 
Commissioners  of  the  Pu- 

Wi  Records 
Sir  JamesFellowes,  M.  D- 

Dr  Ainslie. 

Sir  William  Blizzard. 

The  Literary  and  PhihK 
sophical  Society  of  New 
York.  ^ 
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PRESENTS. 


1816. 


Elegiorum  Sepulchralium  Edinensium  delectus. 
Wood's  General  Conchology,  1  vol.  8vo,  London, 
1815. 


Jan.     8.  The  American  Medical  and  Philosoplncal  Regis- 

ter,  3  volumes. 
Recherches  sur  TAcide  Prussique,  par  M.  Gay 

Lussac,  Paris,  1815. 
Apr.  15.  A  Treatise  on  Universal  Grammar,  drawn  up  for 

the  Edinburgh  Encyclopaedia,  by  Dr  Henry 

Dewar. 
May  20.  The  Koran  in  Arabic. 

27.  Treatise  on  Dew,  by  Dr  Wells,  second  edition. 
Nov.  17.  The  Transactions  of  the  Geological  Sodety  of 
London,  vol.  8d. 
The  Map  of  Cornwall,  Devonshire,  and  Isle  of 

Wight,  published  by  the  Board  of  Ordnance. 
Asiatic  Researches,  vol.  12th. 


1817. 
Jan.  20. 


Peb. 


The  Transactions  of  the  Greological  Society  of 

London,  part  1st  of  vol.  4th. 
The  Acts  of  the  Parliaments  of  Scotland,  vol.  4th. 


3.  Developement  de  Geometric,  with  the  report  of  the 
Institute  upon  it. 
Examen  des  Operations  et  des  Travaux  de  Cse- 
sar. 
17.  Two  gold  coins,  one  of  King  James  the  First,  and 
the  other  of  Kinff  James  the  Second. 
A  Treatise  on  Arimmetic  and  Geometry,  h&ng  a 
translation  of  the  work  of  Bhascara  Acharya. 
Mar.    3.  A  Meteorological  Chart,  exhibiting  the  variations 

in  the  barometer,  and  the  quantity  of  rain. 
May    JB.  The  sheets  lately  published  of  the  Ordnance  Map 

of  Great  Britain. 
Nov.  17.  A  specimen  of  Tabasheer  from  Nagpore. 

An  Experimental  Inquiry  into  the  Laws  of  the 

Vital  Functions,  by  Dr  Wilson  Philip. 
The  Transactions  of  the  Geological  Society  of 

London,  vol.  4th. 
An  Ink*stand,  composed  of  a  variety  of  British 

woods. 
On  the  Vital  Functions  and  Internal  Disease^ 
1  vol  8vo.Lond.  1817,by  A.  P.  Wilson  Philip, 
M.  D. 
Transactions  of  the  Linnean  Society,  vol  11th. 
18ia 
Jan.  12.  The  Phibsopbical  Transactions  for  1817^  part 
'2d. 


noNOfts 

Dr  Duncan  t^n. 
Mr  Wood. 


Drs  Hosack  and  Frands, 

the  Editors. 
M.  Gay  Lussac. 

Dr  Henry  Dewar. 


General  Macleod  of  Mac- 

leod. 
Dr  Wells. 
The  Geological  Society 

of  London. 
Captain  Colby. 

The  Aaatic   Sodety  of 

Calcutta. 
The   Geological  Sode^ 

of  London. 
The  CommisMonen  of 

Public  Records. 
M.  Dupin. 

M.  Dupin. 

The  Barons  of  Exdie- 

quer. 
Dr  John  Taylor. 

Ri^t  Hmu  Lord  Gray. 

Captun  Colby. 

Alex.  Kennedy,  M.  D. 
Dr  Wilson  PMip. 

The  Geological  Sodety 

oUuondaa. 
Mr  Geoige  BullodL 

Dr  Wilson  Plulip. 


The  Linnean  Sodety. 

The   Royal   Sode^  ^ 
Jjoadaa. 
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1818. 
Jan.   19. 


PBE8EKT8. 


A  Report  of  a  Committee  of  the  Linnean  Society 
of  New  England,  rdative  to  a  large  marine 
animal. 
Feb.    fL  The  Ordnance  Map,  No.  7. 

Memoirs  of  the  Wemerian  Natural  History  Socie- 
ty, part  Sd  of  vol  2d. 
Mar.    S.  Observations  Entomologiques. 

Apr.  6.  Voyage  of  Discove^  to  the  West  Coast  of  Corea, 
and  the  Great  Loo-Choo  Island,  by  Captain 
Basal  Hall. 

Apr.  20.  A  coloured  picture,  exhibiung  the  Meteorological 
history  oi  the  last  year. 
An  Essay  on  the  Origin  and  Operation  of  the  Dry 
Rot,  by  Robert  Macwilliam,  architect  and  sur* 
veyor. 
The  Transactions  of  the  Society  of  Scottish  An- 
tiquaries, part  1st  of  vol.  2d. 

Acts  of  the  Parliaments  of  Scotland,  vol.  5th. 


May    4. 

June    1. 
Nov.  10. 


A  specimen  of  the  Worm  found  in  the  Eye  of 

Horses  in  the  East  Indies. 
Flora  Batava,  No.  62. 

Dec.     7.  Histoire  du  Passage  des  Alpes,  par  De  Luc. 

21.  Deux  Trait^s  de  Physique  Mecanique,  par  M. 
Pierre  Prevost. 
Histoire  du  Passage  des  Alpes  par  Annibal,  by 

J.  A  Deluc. 
Several  Mathematical  Tracts,  by  Mr  Nathaniel 
Bowditch. 

Memoirs  of  the  American  Academy  of  Arts  and 
Sdences  at  Boston,  part  1st  of  vof.  4th. 


1819. 
Feb.  16. 


Essay  on  the  external  application  of  Vapour  to  the 

human  frame,  by  Protessor  Aldini. 
The  Ordnance  Map,  part  8th^ 


Mar.  16. 

Apr.    6. 

Nov.  16.  A  critical  examination  of  the  first  principles  of 
Geoloffv,  by  G.  B.  Greenough,  Esq.  President 
of  the  Geological  Society  of  London. 

Thenard''s  Essay  on  Chemical  Analysis,  translated 
by  J.  G.  Chddren,  Esq. 

A  sketch  of  the  Economy  of  Man,  by  Dr  Nicholl 
of  Ludlow,  1  voL  8vo. 

Flora  Batava,  No.  63,  64,  SB. 

Dec.  6.  Memoirs  of  the  Literaiy  and  Philosophical  Socie* 
ty  of  Manchester,  vd.  2d. 


DONOBS. 

The  Linnean  Society  of 
Boston. 

Captain  Colby. 

The  Wemenan  Natural 

History  Society. 
M.  BoneUi  of  Turin, 

Captain  Basil  Hall. 


Lord  Gray. 
Mr  Macwilliam. 

The  Society  of  Scottish 
Antiquaries. 

The  Commissioners  of  the 

Public  Records. 
Alexander  Kennedy,  Esq. 

His  Majesty  the  King  of 

the  Netherlands. 
M.  P.  Prevost. 
M.  P.  Prevost 

M.  J.  A.  Deluc. 

Mr  Bowditch. 


The  American  Academy 
of  Arts  and  Sciences  at 
Boston. 

Professor  Aldini. 

Captain  Colby. 

G.  B.  Greenough,  Esq. 

J.  G.  Children,  Esq. 

Dr  Nicholl. 

His  Majesty  the  King  of 
the  Netherlands. 
The  Literary  and  Philo. 

S}hical     Society     of 
anchester. 


Digitized  by 


Google 


$34 


LI3T  OF  DOKATIONB. 
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PSESENTS. 


SpeoimeiiB  of  Native  Hjrdrate  of  MagQena,  found 
in  Shetland,  and  described  in  the  Transactions, 
vol.  9th,  p.  239. 
Sculptures  m  Indian  Idols,  described  in  the  Tran- 
sactions, voL  9th,  p.  881. 
Essai  Historique  sur  les  Services  et  les  Travaux 

scientifiques  de  Gaspard  Monge. 
Silliman''s  American  Journal  of  Science^  Nos.  Ist, 
ad  and  Sd. 
20.  Transactions  of  the  Linnean  Society,  vol.  ISth. 
1820. 
Jan.  17.  The  Acts  of  the  Scottish  Parliament,  ycL  6th. 

Feb.     7.  A  Treatise  on  Physical  Astronomy,  by  Mr  Ro- 
bert Kerr  of  Douglas,  Isle  of  Man. 

Apr.    3.  HisUure  Naturelle  et  Medicate  de  Casses,  par  L. 
Theod.  Fred.  Colladon,  4to,  Montpellier,  1816. 

June    5.  A  specimen  of  Sandstone  from  Crcugleith  Quarry, 
near  Edinburgh,  exhibiting  a  ve^table  impres- 
sion of  the  Palm  tribe,  with  rudiments  of  Duds 
or  flowers. 
The  Acts  of  the  Parliaments  of  Scotland,  vol.  7th. 

Nov.    6.  The  Ordnance  Maps  of  the  Counties  of  Kent  and 

Pembroke. 
Memoirs  of  the  Royal  Academy  of  Sciences  at 

Turin,  20  vols, 
Memorie  di  Matematica  eFisica  della  Societa  Ita- 

liana,  18  vols. 
Voyages  dans  la  Grande  Bretagne,  2  vols.  4to.4 

par  M.  Dupin. 
Progr^  des  Sciences  et  des  Artes  de  la  Marine 

Fraofaise,  depuis  lapaix,  par  M.  Dupin.    Paris, 

1820. 
Essai  treologique  sur  TEcosse,  par  Dr  A.  fiou^. 
VisiteuT  des  Pauvres,  et  Trogramme  de  cours  de 

Droit  Publiaue,  par  M.  Degerando. 
M^moire.  sur  la  combinaison  de  Toxigene  avec 

Teau,  par  M.  Thenard. 
20.  Flora  Batava,  No.  56. 

Nov.  ^0.  Characters  of  the  classes,  orders,  genera  and  spe- 
cies of  Minerals,  by  M.  Frederick  Mohs. 
The  Acts  cff  the  Pai'liament  of  Scotland,  vol.  8th. 


1821. 
Jan.     8. 


An  Essay  on  subjects  connected  with  Taste,  by 

Sir  G.  S.  Mackenzie,  Bart 
Illustrations  of  Phrenology,  by  Sir  G.  S.  Mac- 
kenzie, Bart. 
22.  Flora,  Batava,  No.  57. 


D0170E8. 

Dr  Samuel  Hibbert 

Ffands  Sirapaon,  Esq. 

M.  Dujun. 

Thomas  Allan,  Esq. 

The  Lmnean  Sodety. 

The    Commimonen  of 

the  Public  Rescmis. 
Mr  Robert  Kerr. 

Dr  Colladon. 

Thomas  Allan,  Esq. 


The  Commisaoners  of  the 

Public  Records. 
Captain  Colby. 

The  Royal  Academy  of 
Sciences  at  Turin. 

His  Royal  Highness  the 
Archduke  Maximilian. 

M.  Dupin. 

M.  Dupin. 


Dr  A.  Boue.    ' 
M.  Degerando. 

M.  Thenard. 

His  Majesty  the  Kmg  <tf 

the  Netherlands. 
M.  Frederick  Mohs. 

Commisi^ners  of  the 
Public  Records. 

Sir  G.  S.  MackenEie, 
Bart. 

Sir  G.  S.  Mackenae, 
Bart. 

His  Miuesty  the  King  of 

the  Netherlands. 
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18«1. 


PftESXNTS. 


Mar.  Id.  A  MeteoralMioal  Joarnal,  kept  at  Delvin  by  Mim 
Margaret  Mackenzie  of  Dolphmton,  from  1780 

toisoa. 

Apr.    SL  A  large  specimen  of  Madrepore  fixmi  Bermuda. 

Specimens  of  Fosdl  SheU%  bent  and  contarted. 

16.  A  View  of  the  structure  of  the  Stomach  and  Ali* 
mentary  Organs,  by  Mr  Thomas  Hare,  Svo. 

May    7.  M^oires  sur  TAction  mutuelle  des  deux  courana       M.  Ampere. 


-DONOBS. 

James  Hunter.,  Esq.  of 
Thurston. 

The      Marduoness     of 

Huntly« 
Mr  Andrew  Flint,  civil 


Mr  Thoaaoas  Hare. 


electnques^  par  M.  Ampere. 
Flora  Bataya,  No.  58. 

June    4.  Transactions  of  the  Camlnridge  Phik)icyphical  So; 

ciety,  -i»rt  Ist  of  vol.  Ist. 
Astronomische  HuUstaflen,  for  1821,  by  Profeasar 

Schumacher  of  Copenhagen. 
Transactions  of  the  Histoncal  and  Literary  Ck>m- 

mittee  of  the  American  Philosophical  Sodety. 
Hedcewelder'*s  Narrative  of  the  Missions  cf  the 

United  Brethren  among  the  Delaware  and  Mo- 

hegan  Indians. 

I^^ov.    5.  Memoirs  of  ^  Inatitute  -of  France  since  1810, 
13  vols. 
Flora  Batava,  Na  09. 

Acta  Litoraia  Societads^Rheno^Trajectinse,  4  vols. 

Utrecht,  1798,-1808. 
Essays  and  Tracts  printed  by  the  Society  of  Sen- 

ences  of  Utrecht,  9  parts. 
Transactions  of  the  Literary  and  Sdentific  Sodety 

of  Utrecht,  in  Dutch,  9  vols.  1 781-1 808. 
Disquisitio  de  Decompositioae  Addl  Carbcmici  in 

Vegetatione,  Richardi  Van  Rees,  prsemio  omata* 

Utrecht  181«. 
Oratio  de  vitanda,  in  Astronomies  stucBo,  fingendi 

temeritate,  et  Coeli  Obaervatione  quam  di^en* 

tissime  instituenda,  Grerardi  MolL 
Histoire  de  TAstronomie  Ancienne,  2  voht  par  H. 

Delambre. 
Histoire  de  PAstrononue  du  Moyen  Age^  1  vd. 

par  M.  Delambre. 
Histoire  de  TAstronomie  Modeme^  par  M.  Do* 

lambre. 
Aaatic  Seseardies,  vol.  13th. 
A  Sanscrit  Manuscrmt 
18g*.  ^ 

Jan.  21.  Transactions  of  the  Sociaty  of  Arts,  SStoIs. 

Description  of  the  ^letland  Uands,  by  Dr  Hibhait. 


His  Majesty  the  King  of 
the  Netheriands. 

The  Cambrid^  Philo- 
sophicfd  Society. 

Pinfessor  Schumacher. 

The  American  Philoso- 
phical Sodety. 

The  American  Philoso^ 
phical  Society. 

The  Institute  of  France. 

ISs  Majes^  the  King  of 
the  Netherlands. 

The  Literary  and  Scien- 
tific Society  of  Utrecht. 

The  Literary  and  Sdeo- 
tfficSocietyofUtrecht 

The  Literal^  and  Sdea. 
tific  Society  of  Utredit 

Ml  Van  Bees. 


Prof^MoU  of  Utrecht 


M.  le  t^hevalier  Delam- 

bve. 
M.  le  Chevalier  Delam. 

bre* 
M.  le  Chevalier  Delam- 

bns. 
The  Aaotio  Society. 
James  Maqdietson,  Esq. 

of  BeUevSe.  ^ 

The  Society  of  Arts. 
DrHibbert 


VOL.  IX.  P.  II. 
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LIST  OF  DONATIONS. 


1828,  PBK8SNTS. 

Mr  Goodwyn's  Introduction  to  a  Synoptical  Table 

of  Measures. 
Memmrs^of  the  American  Academy  of  Arts  and 

Sciences,  part  Ist  of  vol.  4th. 
Register  of  the  Barometer,  Thermometer,  and  Tem- 
perature of  Springs  for  1821,  kept  at  Huntly 

Lodge,  by  Mr  Alexander  Murdocn. 
Register  of   the    Barometer,   Thermometer,  and 

Temperature  of  Springs  for  1821,  kept  at  the 

Royal  Academy,   Inverness,  by  Mr  M.  Adam, 

A.  M.  Rector  of  die  Academy. 
Meteorolo^cal  Journal  for  1821,  kept  at  Drumel- 

zier,  in  Peeblesshire. 
Renter  of  the  Barometer,  and  Thermometer,  and 

Rain-gauge  for  1821,  kept  at  Carbeth,  Stirling. 

shire. 
Meteorok^cal  Journal  for  1821,  kept  at  Apple- 
garth  IVlanse,  Dumfriesshire. 
Meteorological  Journal  for  1821,  kept  at  HiMde, 

Dumfriesshire. 
Meteorological  Journal  for  1821,  kept  at  Dunkeld 

House. 
Meteorological  Journal  for  1821,  kept  at  Colinton 

6a  den,  Mid-Lothian. 
Register  of  the  Thermometer  (or  1821,  kept  at 

Canaan  Cottage. 
Meteorological  Journal  for  1821,  kept  at  Inchkeith 

Light-house. 
Rc^ster  of  the  Thermometer  for  1821,  kept  at  the 

House  ot  Rothiemurchus,  Invemess-shire. 
Renter  of  the  Thermometer  for  1821,  kept  at 

fielleville,  Inverness-shire. 
Renster  of  the  Thermometer  for  1821,  kept  at 

Ddvin  Garden,  Perthshire. 
R^ter  of  the  Thermometer  for  1821,  kept  at 

Delvin  Hou^e,  Perthshire. 
Register  of  the  Thermometer  and  Weather  fori  821, 

kept  at  Thirleston,  Selkirkshire. 
Register  of  the  Thermometer  for  1821,  kept  at  St 

AndrewX  Fifeshire. 
R^rister  cS  the  Thermometer  for  1821,  kept  at  the 

Isle  of  May  Light-house,  Frith  of  Forth. 
Raster  of  the  Thermometer  for  1820,  kept  at 

Dundee,  Forfarshire. 
Roister  of  the  Barometer,  Thermometer,    and 

Hain-gauge  for  1821,  at  Castlesemple,  Renfrew- 
shire. 
Raster  of  the  Thermometer  for  1821,  kept  at 

Fala,  Roxburghshire. 
Journal  of  the  Barometer^  Thermometer,  Wind 

and  Weather  for  1890,  kept  at  Kirkwall,  Ork. 

»ey. 


DOKOEt. 

Mr  Goodwyn. 

The  American  Academy 
of  Arts  and  Sdeoces. 

The   Most  Noble  the 
Marquis  of  Huntly. 

Mr  Adamw 


Rev.  Mr  Somenrille. 

James  Smith,  Esq.  of 
Jordanhill. 

Rev.  Wm.  Dunbar. 

Miss  Stewart. 

His  Grace  the  Duke  of 

AthoU. 
Sir  Wm.  Forbes,  Bait. 

Mr  Alexander  Adie. 

Mr  John  Bonnjmao. 

J,  P.  Grant,  Esq.  M.  P. 

James  Macpherson,  Eaq- 
of  Belleville. 

Sir  Alex.  Muir  Macken- 
zie, Bart. 

Sir  Alex.  Muir  Macken- 
zte,  Bart 

Hon.  Captam  W.  Na- 
pier. 

Dr  Jackson,  Professor  of 

Natural  Philosophy. 
Mr  Alex.  Campbell 

Mr  John  Wilson. 

Mr  Gear^  Steel. 

Mr  Thomas  Soott 
Mr  David  Patertoo. 
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18^ 


PEESENT8. 


for  1821,  kept  at 
1821,  kept  at 


at 


Raster  of  the  Thermometer 
Blair  Castle,  Perthshire. 

Register  of  the  Thermometer  for 
Fladda  Light-house,  Ayrshire. 

Bister  of  Uie  Thermometer  for  1821,  kept 
High  Station  Calf  of  Man  Light-house. 

Register  of  the  Thermometer  for  1821,  kept  at  the 
Calf  of  Man  Light-house. 

Register  of  the  Tnermometer,  Winds,  and  Wea- 
ker, for  1821,  kept  at  Greenlaw-house,  Kirkcud- 
brightshire. 

Register  of  the  Thermometer  for  1821,  kept  at  the 
Garden  of  Stobo  Castle,  610  feet  above  the  kvel 
of  the  sea. 

Renter  o{  the  Thermometer  for  1821,  kept  at 
Stobo  Cattle,  about  770  feet  above  the  level  of 
the  sea. 

Register  of  the  Barometer,  Thermometer,  Rain- 
gauge,  and  Weather,  for  1821,  kept  at  Annat- 
Garaen,  Carse  of  Growrie,  Perthshire. 

Register  of  the  Thermometer  for  1821,  kept  at  the 
Pentland  Skerries  Light-house. 

Register  of  the  Thermometer  for  1821,  kept  at  the 
Start  Point  Light-house,  Orkney. 

Register  of  the  Thermometer  for  1821,  kept  at  the 
Kinnaird-Head  Lighthouse,  Aberdeensnire. 

Bc^ster  of  the  Thermometer  for  1821,  kept  at  the 
Bell-Rock  Light-house. 

Register  of  the  Thermometer  for  1821,  kept  at 
Methven  Castle,  Perthshire. 

Re^ster  of  the  Thermometer,  and  of  the  Tem- 
perature of  Springs  and  the  River  Tweed,  for 
1821,  kept  at  Tweedsmuir  School,  Peeblesshire. 

R^^ter  or  die  Thermometer  for  1821,  kept  at 
Leadlulls,  Lanarkshire, 

Register  of  the  Thermometer  for  1821,  kept  at 
Mount-Annan,  Dumfriesshire. 

Register  of  the  Thermometer  for  1821,  kept  at 
Aberlady,  East  Lothian. 

Bister  of  the  Thermometer  and  of  Springs  for 
1821,  k^t  at  Hermitage  Hill,  L^th. 

R^^ster  or  the  Barometer  and  Thermometer  lor 
1821,  kept  at  Stow,  Mid-sLothian. 

Rc^ster  ot  the  Thermometer  for  1821, 
Granton,  near  Edinburgh. 

Raster  of  the  Thermometer  for  1821, 
Eshiells,  Peeblesshire. 

Raster  of  the  Thermometer  for  1821, 
Isle  of  Glass  Light-house,  Isle  of  Sky. 

R^tcr  of  the  Thermometer  for  1821, 
HopeloslKHouse,  Linlithgowshire. 

3y2 


at 


at 


noKoss. 

His  Grace  the  Duke  of 

AtholL 
Mr  William  Souter. 

Mr  Thomas  Dawson. 

Mr  Greorge  Meams. 

Sir  Alexander  Gordon, 
BarL 

Sir  James  Montgomery, 
Bart.  M.  P. 

Sir  James  Montgomery, 
Bart  M.  P. 

Mr  Archibald  Grorrie. 


Mr  Bichard  Millar. 

Mr  David  Lyall. 

Bobert  Stevenson,  Esq. 

Bobert  Stevenson,  Esq. 

Bobert  Smyth,  Esq.  of 

Methven. 
Mr  William  Fairlie. 

Alexander  Irving,  Esq. 

Lieut-General  Dirom. 

Bi^t  Hon.  the  Earl  of 

Wemvss  and  Mardi. 
Alexander  W^deU,  Esq. 

Bev.  John  Cormack. 


Bidit  Hon.  the  Lord 

Premdent. 
Sir  Jc^n  Hav,  Bart. 


kept 

kept 

kept  at        Mr  Alexander  Beid^. 

kqpt  at 


Biffht  Hon.  the  Earl  of 
HopetouQ. 
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Rerister  or  the  Thermometer  and  Sympiesometer- 

tor  1821,  kept  at  Caiionmills,  Edinburgh. 
Register  of  the  Thermometer  for  18S1,  kept  at 

Castle-Fraser,  Aberdeenshire. 
Raster  of  ihe  Thermometer  for  ISSl,  kept  at 

Laurencekirk. 
Roister  of  the  Thermometer  for  18S1,.  kept  at 

Gordon  Castle. 
Raster  of  the  Thermometer  for  1821)  kept  at 

Brechin,  Forfarshire. 
Roister  of  the  Thermometer  for  1821,  k^  at 

Feniouik-house,  Mid-Lothian. 
Raster  of  the  Thermometer  foe  1821,  kept  at 

Sinfauns  Castle. 
Register  of  the  Thermometer  for  1821,  kqpt  at 

Wick,  Caithness; 
Renter  of  the  Thermometer  for  1821,^  kept  at 

Dumfiies^ 
Raster  of  the  Thermometer  for  1821,  kept  at 

Blw'-Drummond,  Stirlingshire* 
Rioter  of  the  Thermometer  for  1821,  kept  at 

Otterbum,.  Roxburghshire. 
Register  of  the  Thermometer'  for  1821,  kept  at 

Corsewall  Pmnt  Light-house,  Ayvshire. 
R^^er  of  <he  Thermometer  f<»r  1821,  kept  at 

Lochbroom,  Invemess-diire. 
Raster  of  the  Thermometer  for  1821,  kept  at 

Klntyre  Light-house. 
Register  of  the  Thermometer  Tor  1821,  kept  at 

Sumbureh-Head  Light-house,  Shetland. 
Register  of  the  Thermometer  for  1821',  kept  at 

Kaeside,  Selkirkshire. 
Roister  of  the  Thermometer  for  1821,  kept  at 

Fleurs^  Roxburghshire. 
Register  of  Thermometer  and  Weather  from  1805 

to  1816,  kept  at  the  B&insof  Dunnotar,  Eincar* 

dineshire. 
Register  of  the  Baromet^,  Thermometer  and  Wind, 

for  1821,  kept  at  Dumfries. 
Register  of  the  Baiom^er,  Tberniometer,  Winds. 

and  Weadier  fbc  1821,  kept  at  Clachnacarry,. 

near  Inverness. 
Raster  of   the  Barometer,   Thermomet^,  and 

Weadier,  for  1821,  kept  at  Islay-house,^  Island 

of  latay,  Argyleshire. 
Re«8ter  of  the  Barometer,   Thermometer,    and 

Weather  for  1821,  kept  at  Lincob. 
Raster  of  the  Thermcxneter  and  of  Springs  for 

1821,  kept  at  Auchenard,.  near  Mid-Calder. 
Register  of  the  Thermometer  and  of  Springs,  foe 

1821,  kept  atThurst<m>  East  Lothian.. 


DOKORS. 

Patrick  NeiU,  Esq. 

General  Fraser. 

Rev.  Dr  Gecnge  Coob. 

His  Grace  the  Duke  of 

Gordon. 
Rev.  Mr  Whhson. 

Sir  George  Cerk,  Bart. 

M.  P. 
Right  Hon.  Lord  Gray. 

Kenneth'  Madeay,  Esq. 

Rev.  Dr  Duncan. 

Ebnuy  Home  Drum- 

mond,  Esq.  M.  P. 
Thomas  Tfaoftison,  Esq 

Mr  William  Kennedy. 


Mr  M.  Herrey. 
Mr  D.  Loughtsc^ 
Sr  Walter  Sdott,  Burt 

His  Grace  the  Duke  of 

Roxbui^ghe. 
Dr  William   Young  of 

Fawside. 


Mt  AndlEew  May. 

WalterF.Campbdl,Efiq. 
ofShawfield,M.P. 

The  Liadoin  Libniy. 

Major  Alstoit 

James  Hunter,  Esq.  cf 
Thurstota. 


Digitized  by 


Google 


U8T  OF  IMKAtnOKft^ 


539 


18X8. 


PBESEVTS. 


Bmster  <sf  the  BarooMter,  Tbennoineter,  and  of 
Springs,  for  18)21,  kept  at  Inchboimy,  Booc* 
bur^shire. 
Feb.  18.  Transactions  of  the  Society  of  Arts,  vol.  39th. 
May    0.  Spedm^ns  of  Osseous  Breccia,  Somd  near  Bosia, 
in  Gibraltar. 
Hora  Batava,  No.  60. 

Tracts  on  Vaults  and  Bridges,  by  Mr  Samuel 

Ware,  Lendon,  18S2. 
BerseKits  oa  the  Blowpipe,  Haodaled  by  J.  G. 

Children,  Esq. 
June   S.  TnuaHM!^oB8  of  the  Iflaperial  Russian  Academy^ 

relaUve  to  the  Sclavonian  Language,  5  vols. 
Memmrs  of  the  Astronomioal  SS^stj  a£  London, 

vol.  1st,  part  1st 
Tnmsactions  of  the  Hovtioaltural  Society  of  Lcm- 

don,  vols.  Ist^  ^,  8d,  and  4di. 
Memoirs  of  the  Phuospbioal  Socie^^r  of  Cambridge, 

vol.  1st,  part  2d. 
17.  The  Acts  of  the  Padiament  of  Scotland,  vioL  9di. 

Ndv.  1&  Memcnrs  of  the  Royal  Institiite  of  Frune,  Aofr. 
demy  of  Inscriptions,  vols.  6th  and  6th. 
Siir  rddgine  de  Cremation,  (a  translation  tf  Dr 
JEamieson^s  piqper  in  the  Edinburgh   Transac- 
Udmij  v6L  8th.) 
Introductory  Discourse   delivered  to  the   Leeds 
Pbilosopmcal  and  Literary  Sodety,  by  C.  T. 
Turner  Thackrah,  Esq. 
Nov.  18.  Joutnal    of  the  Baromtter,    Thermometer,   asid 
Weather,  kept  at  Faroe,  £rom  June  1.  1781  to 
^ptember  6.  178£,  tnmslated  from  the  oriMud 
manuscript  of  SVaboe^s  Acxsount  of  Faroe,  vol  Sd, 
in  the  Royal  Library  of  C<^>enhagen,  by  W.  C 
Trevelyan,.  Esq.  F.  R.  S.  £. 
Renster  of  the  Barometer  and  Weather,  cojned 
irom  41  Journal  kept  at  Thorshavoi,  in  Faroe,. 
chiefly  by  Captain  Eaten,  Commandant  in  Faroe^ 
during  the  years  1796,  6,  7,  8,  9- 
Journal  of  the  Baromet^,  Symniesometer,  and 
ISiennometer,  kept  at  Faroe,  nom  June  7.  to 
October  18.  1821,  by  W.  C.  Trevelyan,  Esq. 
Bee.    f  .  The  Oidnance  Map  of  Middlesex. 

AstroncHnische  Natrichten,  from  No.  15.   to  8S. 

inclusive* 
Series  of  Specimens  of  Flints  from  Warvriekdiire.. 

Jan.  13.  The  Population  Returns  for  1^1. 

Claavehmd's  Mineralogy  and  G^]Dgy^  Sd  edition^ 
2  vds. 

Treatise  on  Optics  in  the  Edinburgh  Encyclope- 
dia.. 


D0N0B6. 

Xfr  James  Ydtch,  Inch- 
boBiqr^  . 

The  Society  of  Arts. 
Lieutenant  Macniven, 

flfitji  R^ment. 
His  Maiesty  the  Eang  of 

die  NetfaSerlands. 
Mr  Samuel  Ware. 

J.  Gt.  Children,  Esq. 

The  Imperial  Russiaa 

Academy. 
The  Astronomical  So- 

ciety  of  London. 
The  Horticultural  So- 

cie^  of  I^adon. 
The  Philosophical   So- 

ciety  of  Cambridge. 
The  Commissioners  on 
.    the  Public  Records. 
The  Institute  of  France. 

Rev.  Dr  JamiesiHi. 


The  Leeds  Philosophical 
and  Literary  Society. 

W.  C.  Trevelyan,  Esq.  - 


W.  C.  Trevelyan,  Esq. 


W.  C.  Trevelyan,  Esq. 


l&gor  Colby. 
Profesaor  Schumacher. 

Edward  Grimes,  Esq. 

R.N. 
The  House  of  Commons. 
The  Author. 

Dr  Brewster- 
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PRESENTS. 


1H>N0B8. 


Memoir  of  Dr  Gordon,  by  Danid  ElKs,  Esq. 

Description  of  a  new  invented  Machine  for  carry- 
ing  ships  into  or  out  of  harbours,  against  wind 
and  tide,  by  Jonathan  HuU,  1787. 

Hegister  of  the  Barometer,  Thermometer,  and  Tem- 
perature of  Springs,  kept  at  the  Royal  Academy 
of  Inverness  tor  1822. 

Meteorological  Journal,  kept  at  Blair-Drummond, 
Stirlingshire,  for  1822. 

Register  of  the  Barometer,  Thermometer,  Rain- 

fauge,  and  Temperature  of  Springs  for  1822, 
ept  at  Huntly  Lodge,  by  Mr  A.  Murdoch. 

Register  of  the  Barometer  and  Thermometer, 
kept  at  Inchbonny,  Roxburghshire,  for  1822. 

Meteorological  Journal,  kept  at  Fala,  Roxburgh- 
shire, for  1821. 

Meteorolo^cal  Journal,  kept  at  the  Island  of  Glass 
Lighuhouse,  Isle  of  Sky,  for  1822. 

Meteorological  Journal  for  1822,  kept  at  Loch- 
broom,  Inverness-shire. 

Meteordogical  Journal,  kept  at  Abbotsford,  Rox- 
burghshire, for  1822. 
Feb.    3.  Transactions  of  die  Horticultural  Society  of  Lon- 
don, vol.  5th,  part  1st 

Memoirs  of  the  Wemerian  Natural  Histcnry  So- 
ciety, vol.  8d. 

Lettre  adressee  k  la  Society  Asiatique  de  Paris,  par 
M,  Louis  De  L'or,  Paris  1828- 

Flora  Batava,  No.  62. 

Raster  of  the  Sympiesometer  and  Thermometer 
for  1822,  kept  at  Canonmills,  near  Edinburgh. 

Re^ster  of  the  Thermometer  and  Temperature  of 
Springs,  for  1822,  kept  at  Thurston,  East  Lo- 
thian. 

>Meteorolo^cal  Journal  for  1822,  k^.at  Apple- 
garth  Manse. 

Meteorological  Journal  for  1822,  kept  at  the  Pent- 
land  Skerries  Light-house,  Orkney. 

Raster  of  the  Barometer,  Thermometer  and 
Weather  for  1822,  kept  at  Coul,  Ross-shire. 

Meteorolo^cal  Journal  for  1882,  kept  at  Pladda  . 
Light-house,  Arran. 

Meteorological  Journal  for  1822,  kept  at  High  Sta- 
tion, Cm  of  Man  Lightliouse. 

Meteorological  Joumalfor  1822,  kept  at  the  Calf 
of  Man  Low  Light-house. 

Meteorological  Journal  for  1822,  kept  at  Aber- 
lady.  East  Lothian. 

Meteorolo^cal  Journal  for  1822,  kept  at  Wick, 
in  Caithness. 


Daniel  ElKs,  Esq. 

Sir  Walter  Scott,  Bart 


Mr  M.  Adam,  A.  M, 
Rector  of  the  Aca- 
demy, Inverness. 

Henry  Home  Drum- 
mond,  Esq.  M.  P. 

The  Most  Noble  the 
Marquis  of  Huntly. 

Mr  James  Veitdi,  Inch- 
bonny. 
Mr  Thomas  Scott 

Mr  Alexander  Reid. 


Sir  Walter  Scott,  Bart 

Horticultural  Society  of 

London. 
The  Wemerian  Natural 

History  Society. 
The  Author. 

His  Majes^  the  King  of 

the  N^herlaods. 
Patrick  Neill,  Esq. 

James  Hunter,  Esq.  of 
Thurston. 

Rev.  William  Dunbar. 

Mr  Richard  Miller. 

Sir  Geocge  Stewart  Mac- 
kenzie* Bart 
Mr  William  Souter. 

Mr  Thomas  Dawson. 

Mr  GrecM*ge  Meams. 

R^ht  Hon.  the  Earl  of 

Wemyss  and  March. 
E^neth  Macleay,  Esq. 
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PRESENTS. 


Meteorological  Journal  for  1822,  kept  at  Greenlaw 

House,  Kircudbrightshire. 
Raster  of  the  Thermometer  and  Weather  for 

1822,  kept  in  Aberdeen. 
Meteorolcmcal  Journal  for  1822,  kept  at  E'mfauns 

Castle,  Perthshire. 
Register  of  the  Thermometer  and  Springs  for  1822, 
(^  kept  at  Hermitage  Hill,  Leith. 

Rerister  of  the  Thermometer  for  1822,  kept  at  die 

Garden  of  Stobo  Castle,  610  feet  above  the  level 

of  the  sea. 
Register  of  the  Thermometer  for  1822,  kept  at 

Stobo  Castle,  T70  feet  above  the  level  of  the  sea. 
Register  jo{  die  Thermometer  for  1822,  kept  at 

Carbeth,  Stirlingshire. 
Register  of  the  Thermometer  for  1822,  kept  at 

Start  PcMnt  Light-house. 
Register  of  the  Thermometer  for  1822,  kept  at 

Eintyre  Light-house. 
Re^ster  of  the  Thermometer,  with  the  Tempera- 
ture of  Springs,  and  of  the  Tweed,  for  1822, 

kept  at  Tweedsmuir  in  Peeblesshire. 
Feb.  17.  Journal  of  a  Horticultiu^  Tour  through   some 

Mrts  of  Flanders,  Holland,  and  the  North  of 

France,  by  a  DeputaUon  of  the  Caledonian  Hor- 

ticultural  Society. 
Asiatic  Researches,  vol  14th  Calcutta,  1822. 

R^ter  of  the  Thermometer  for  1822,  kept  at 
Thiriestane,  Selkirkshire. 
Mar.    3.  Transactions  of  the  Society  of  the  Antiquaries  of 
Scotland,  vol.  2d,  part  Sd. 
Memoirs  of  the  Wemerian  Natiu^  History  So- 
ciety,  vol.  4th,  part  1. 


DONORS. 

Sir  Alexander  Gordon, 

Bart 
Mr  Greorge  Innes« 

Right  Hon.  Lord  Gray. 

Alexander  Waddel,  Esq. 

Sir  James  Montgomery, 
Bart.  M.  P. 

Sir  James  Montgomery,. 

Bart.  M.  P. 
James    Smith,   Esq.    of 

Jordanhill. 
Robert  Stevenson,  Esq. 

Robert  Stevenson,  Esq.. 

Mr  William  Fairlie. 

Patrick  NeUl,  Esq. 


From  the  Asiatic  Society 

of  Calcutta. 
Hon.  Capt.  Napier,  R.N. 

The  Society  of  Scottish 

Antiquanes. 
The  Wemerian  Natural 

History  Society. 


END  OF  VOL.  IX. 


P.  Neill>  Printer. 
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DIRECTIONS  FOR  Bixding  VOL.  IX. 


Kate  I.— VIII.  To  follow  page  64. 

IX,  To  follow  p,  104, 

X,  To  follow  p,  15^. 

XI.  To  follow  p.  184. 

XII.  To  follow  p.  19a 

XIII.  Mr  Scoresby's  Magnetimeier,  to  follow  p.  ^58. 

XIV.  Petrifaction  from  Craigleith,  to  follow  p.  236. 

XV.  Disko  Island,  to  follow  p.  264. 

XVI.  > 
ITVTT    f  ^*^^^  ^"  Diskoj  to  follow  p.  S66. 

XVIII.  To  follow  p,  SOO. 
XIX,  Obeliak,  to  follow  p.  SIO. 

^  I  To  follow  p.  318. 
XXI.  J  ^ 

XXII.  To  follow  p.  338, 

XXIII.  To  follow  p.  364. 

XXIV.  IdoK  to  follow  p,  38g. 

XXV. 

XXVI. 

XXVII,  Monochromatic  Lamps,  to  follow  p,  450^ 

XXVIIL  To  follow  p.  446, 

XXIX.  To  follow  p.  462, 

XXX.  To  follow  p,  466. 

iV.  J?.— The  Binder  will  observe,  that  there  are  Two  Folding  Tables  belonging  to 
Part  I.  of  this  Volume;  one  of  which  is  to  face  page  102,  and  the  other, 
which  is  paged,  to  fa-ce  p.  2SS. 

Beades  these,  there  is  another  Folding  Tablcj  paged  503  and  504«,  which  is  a  can- 
cel, to  be  substituted  in  Vol.  VIII.  Part  IL  for  the    Two  Folding  Tables  in 
.  that  volume^  marked  pp<  503,  504,  505,  and  506* 

It  will  further  be  noticed,  that  in  binding  the  whole  volume,  the  Vignette  Title- 
page,  given  in  Part  I.,  and  dated  18S1,  is  to  be  cancdl^,  and  the  other  Tide- 
page^  dated  1823,  to  be  substituted  in  its  place. 

The  Table  of  Contentii  given  with  Part  I,  is  also  to  be  cancelled,  the  entire  Con^ 
tents  of  the  volume  being  given  with  Part  II. 


I  To  follow  p.  412. 
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